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COMPASS SIDIS results on TMD observables

with the logitudinally polarised 160 GeV p* beam and

« unpolarised d target
- h* multiplicities vs p;?
- h*azimuthal asymmetries

* longitudinally polarised d target
- h*azimuthal asymmetries

» transversely polarised d and p target
- Collins and Sivers asymmetries for h*, 7t ,K*, K°
- the other 6 transverse spin asymmetries for h*
- dihadron asymmetry for h*h-, n*n-, K'K-, t°K-, mK*

and other results will come soon
multidimensional analysis of TSA

QCD Evolution 2014 Franco Bradamante



some examples

dihadron
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COMPASS SIDIS results on TMD observables ¢/}S

some examples

Sivers
asymmetry
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COMPASS SIDIS results on TMD observables

some examples proton 2007, 2010
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COMPASS SIDIS results on TMD observables

measurements on p and d
at the same beam momentum

with the same x binning = same <x >, < (?>in each bin

this allows to combine p and d asymmetries to perform
flavour separation and point-to-point extraction of PDFs

as done in the case of longitudinal spin asymmetries using the DSS FFs

0.4 L

0.2 — COMPASS Collaboration,

PLB 693 (2010) 227
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Transversity from COMPASS p and d results

comp
e

new.

COMPASS result on transversity
measured in each x bin from pion-pair asymmetry on p and d
using results of the Pavia group analysis for the FFs

C. Braun, DIS2014 (PhD Thesis)
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Transversity from COMPASS p and d results

method:

COMPASS results for A?ln and A}Zyn as function of x

use the same coefficients evaluated by
A. Bacchetta et al. from Belle data [JHEP1303 (2013)119]

numerical values for 4xhu” xhd” and xhi‘”+xhd”
1

in each x bin

) u d, . .
numerical values for xhlv and xhl" in each x bin

DIS2014

comp
e
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Transversity from COMPASS p and d results

results:
E;_ 0.8— COMPASS 5_2—;_ 0.8— COMPASS
= ® 2007 & 2010 proton data and :E ® 2007 & 2010 proton data and
0.6 2003 & 2004 deuteron data 06— 2003 & 2004 deuteron data
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Transversity from COMPASS p and d results

0.4

-0.61~

— @ 2007 & 2010 proton data and = 0.8— @ 2007 & 2010 proton data and
2003 & 2004 deuteron data ”—-Et 2003 & 2004 deuteron data
| [ flexible scenario 0.61— [ flexible scenario
Bacchetta er al. . Bacchetta er al.
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Transversity from COMPASS p and d results

this work [F. B., Anna Martin, Vincenzo Barone]

COMPASS results for Aéh and Azzgh as function of x

directly use the Belle data
following Bacchetta et al., PRL107(2011)012001

. u d u d
numerical values for 4xh1” — xh1” and xhl” + xhl"

in each x bin

. u d, . ]
numerical values for xhlv and xhl" in each x bin

and follow a similar procedure for the Collins asymmetries,
without using parametrisations for Collins FFs and transversity PDFs
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Transversity from COMPASS and Belle data

results obtained using

» Belle results for pion and pion-pair asymmetries
PRL 107(2011)072004, PRD78(2008)032011 / 86(2012)039905

« COMPASS results on
—p and d dihadron asymmetries vs x (integrated over z, M)
—p and d Collins asymmetry vs x (integrated over z, p;)

h* and h- assuming that all hadrons are pions
« unpolarised PDFs and FFs parametrisations

—PDFs: CTEQ5D
—FFs: DSSLO
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Transversity from COMPASS and Belle data

dihadron asymmetries
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dihadron asymmetry — COMPASS data

R Zq q eqxthL B Zq g equth measured as function
q q
Moy, qu ezx fi Dy qu e2x fl D, ofx, z, M

Hy(2, Map) = sinb, - R/Mayy, - Hf(, Mosy,)

A2h _
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dihadron asymmetry — COMPASS data

420 _ R Zq q eqﬁthé B Zq q equth measured as function
— q q
Hy(z. May) = sinfy - R/May, - Hi (=, May,)
with reasonable assumptions on the FFs Bacchetta et al.

PRL107(2011)012001
H,=-H;, H,=-H;, Hi=H.=0

Du:Dd:Dﬁ:DJJ DS:DEa D, = D: Dy~ D.~0.5D,
neglecting s and ¢ quark contributions, and integrating over z, M :

4 Uy dy H Uy dy
A2h () ~ xhy" — xh] |< q A2h () 3ahy" +xhy” K Hy >
b D, >

4a:f“—|—:cf*dl<D > : Safit 4 afi

T~

from Belle data

19 = fl+ f7 from CTEQ
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dihadron asymmetry — COMPASS data

420 _ R Zq q eqﬁthé B Zq q equth measured as function
— q q
Hy(z. May) = sinfy - R/May, - Hi (=, May,)
with reasonable assumptions on the FFs Bacchetta et al.

PRL107(2011)012001
H,=-H; H,=-Hy H,=H,=0
D,=Dy=Dy=D; D,=Ds;, D,=D; Ds~ D, ~0.5D,

neglecting s and ¢ quark contributions, and integrating over z, M :
[dzh® — ah®)< H, > xht + zhd 4 H, >
Agh(iﬁ) ~ u AQh( ) Thy® + Th; U

N xr) =~
4$ffu+xffd§\K d/gxffu+$ffd<Du>

only unknowns
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dihadron asymmetry - Belle data

2 2 _
Q1o = S Zq equHq measured as function of z,z,, M;, M,
o 2 2 _
1+ ¢ Zq ea Dy Dy )

s?2 =sin?6, ¢® = cos? 0

Hy(z. May,) = sinf, - R/May, - HS (=, May,)

with the previous assumptions on the FFs
and D, fixed in order to reproduce the charm yield,
the fully integrated a,, asymmetry given by Belle is

1 5 82 << Hu >>2
M2 = 7371 =2 D
8l+cs \< Dy > al, = —0.0196 4 0.0002 =+ 0.0022

and the anaysing power is
<H,>

< >= ——— = 0.203
@r <D, >

here we have used this value at all COMPASS Q2, neglecting evolution
effect evaluated by the Pavia group: ~ -8%
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dihadron asymmetry — COMPASS data
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dihadron asymmetry - transversity

present result
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dihadron asymmetry - transversity

present result =y =g h*th~
compared with DIS2014 eu ¢d ntm”
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Transversity from COMPASS and Belle data

Collins asymmetries
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interlude

some thoughts on the
interplay between the Collins and the dihadron FFs

see FB, Structure of Nucleons and Nuclei, Como,10-14 June 2013,
FB, Dspin-13, Dubna, October 8-12 2013,
C. Adolph et al. [COMPASS Collaboration], hep-ex/1401.7873
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interlude - dihadron and Collins asymmetries

Nz_h(¢RS):N20h°{1iA'Sm Brs } Ops =P+ 05— 7 \@S

b — b1+, -]

mod 2xn
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interlude - dihadron and Collins asymmetries

x10°

O — ¢2h:%[¢++(¢_”)]

|:| 2010 proton data

—
n
<

h'h pairs/(1/200)

100 2010 proton data 7'h

® 4 UT,p(q)RS) sin6

" 0.05— % © A(er(q)_,hj) sin®

0 1 0 1 I
- 0~ 0, ¢ ¢
f% hep-ex/1401.7873 e ¢ ¢
\*/ -0.05— § % %

... Due to local compensation of transverse
momentum, the one-particle Collins effect 010
generates a two-particle effect, and viceversa R e e

, 10~ 107 1
(X. Artru, arXiv:hep-ph/0207309) X
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Transversity from COMPASS and Belle data

Collins asymmetries

in this case, from the Belle data one has to calculate
the analysing power

_ <H/%>
- <Dfavs

Ap
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Collins asymmetry — Belle data

we have used the asymmetry (corrected for charm contribution)

UL < s>
A (a1, 22) = 5= [Pulan, 22) — Prizn, )]
integrated over M, M,
where  Pu(z1.2) > g €alH (z1)H (z2) + H| (21)H [ (22)]
U\<1y <2 — — —
> DY (21) D14 (22) + Dy (21) Dy (22)]
Py (1. ) > ealHy (1) H i (22) + Hi,(21) Hyg(22)]
L\~1, <2 — — —
>, €a[ DY, (1) Dyy(22) + Dy, (21) D1g(22)]
4 1(1/2) + Efremov et al.,, PRD73 (2006)
qu Hl (g—nt) > qu Dl (g—7E) Bacchetta et al., PLB659 (2008)

QCD Evolution 2014

Anselmino et al., PRD75 (2007)
Seidl et al., PRD78 (2008)
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Collins asymmetry — Belle data

for the FFs we have made the assumptions
f _ + _ - _ - _ g+
Hl(w — Hlu—Hm—Hla—HlJ

dis B N N - (same for D)
Hy" = Hy,=Hj=Hy=H,

ignoring the ¢ and s quark contributions, in the case z;, =z, =z itis

oL <st>  [H{"™(2)
Al (2) = 1l 2> [D{‘w(z) B(z)
_ )+ a*(2)] - 1+ 07 (2)]a(2) _ H{®(2) _ D*(2)
where B(z) = L T 00 a(z) = 0 b(z) = )

not so simple as inthe 2h case =
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Collins asymmetry — Belle data

we have done 2 alternative assumptions

A1 H{(w(z) =—H¥(2) ie a(z)=-1

fav dis
A2 Hl_(z) - — HE__(Z) i.e. a(z) =-b(2)
D{av(z) D% (2)

both in agreement with the considerations on the “interplay between the Collins and

the dihadron FFs”
and already used / suggested / found as a result of global fits

fav
—H; (2) in the four z bins
av
D™ (2)

* the values are then fitted with a function of z

» these assumptions allow to evaluate
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Collins asymmetry — Belle data
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to obtain the analysing power
the functions are integrated over z
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Collins asymmetry — Belle data

finally :
fav fav
< H; "> < H; >
A1 ey ~ 0.10 A2 v ~0.18
<D;"> <D;">

if the evolution of H{av is negligible;

if the evolution of H; *” is the same as that of D/

the analysing powers decrease by ~ 10%
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Collins asymmetry — COMPASS data

N > g carhi(z) @ o= (2)
Aoul®?) = F e ® D)

“gaussian ansatz”:

| queqCUhq(LU)Hi(z)
> q C2a () Dy, (2)

Abg(x,2) = Cq

N

1

Ca =
\/l+z2<p%ll>/<p§{1>

Efremov et al., PRD73 (20006)

we have assumed

« Cg=1

* the previous relations among the FFs

* the s and c quark contributions to be negligible
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Collins asymmetry — COMPASS data

the measured asymmetries as function of x can be written as

< H{™ > 4(xh? + axh®) + (axhd + xh?)

+ _
AOoll,p o < D{av > d;' B <Hfis> . -1 Al
B _ o= <l < DFS>
A= < H{™ > 4(azh? + zh¥) + (xh¢ + axhd) 1 PN A2
Coll,p — < D{av ~ d; 1
o < H]™ > (@ht 4 zh)(4 + @) + (zhT + zh)(1 + 4a)
Colbd - plev S i corresponding
Fav " p a i quantities with unpol
A= _ < Hy > (xhi + ahi)(da 4+ 1) + (zhY + xh{)(4 + a) PDFs and FFs
COll,d < D{av ~ d;
/ neglecting gbar transversity,
from Belle in each x bin, the only

unknowns are the u and d quark
transversity PDFs
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Collins asymmetry — COMPASS data
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Collins asymmetry — transversity

results
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Transversity from COMPASS and Belle data

results of the present work

~ 0.5
<
-

x hy
05— xhj

| |

107 107!

X

m dihadron

e Collins A1

A Collins A2

QCD Evolution 2014

Franco Bradamante



Transversity from COMPASS and Belle data

¢6M+
results of the present work J\, j

DIS2014

Py
_.\._5“ 0.5 2 08— COMPASS
P = ® 2007 & 2010 proton data and
0.6— 2003 & 2004 deuteron data
: — 4, and

— 4, from

0.4+ Anselmino et al. Phys Rev. D87 (2013) 094019

h,ﬁhii‘ @ {'ﬁ ﬁ'} IEt} Oz Tu—%&
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-0.5 e X h1 —Ao-from

04— Anselmino ef al. Phys.Rev. D87 (2013

1072 107!

094019

m dihadron
e Collins A1
A Collins A2

QCD Evolution 2014




Transversity from COMPASS and Belle data

summary

e promising results
« the physics is simple

 refinements are needed
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Transversity from COMPASS and Belle data

summary

e promising results
« the physics is simple

 refinements are needed

and Q2 evolution is needed !
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