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Asymmetries in unpolarized SIDIS

Hadron production plane

In the one photon exchange
approximation, the unpolarized SIDIS cross
section for an unpolarized beam is

Lepton plane
do
dxpdzdydP2d;, = 0o[1 + €14cos g, €05 Pn + €24c05 2, €OS 21
_2@=-y)1-y _21-y)
()= 1+(1-y)? "’ Ez()—1+(1 L

The unpolarized azimuthal asymmetries AYY

and AYY. 26, Feceive
contributions from

CcoS ¢p,

1. Cahn effect (mostly A7 ¢,) = kinematics of non-coplanar hard scattering

2. Boer-Mulders effect (mostly Acos2¢h) — quarks inside an unpolarized
nucleon may have transverse polarization

— they give access to the quark intrinsic transverse momentum and to the Boer-
Mulders function
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Existing data

- The AZY ¢, aNd AYY 24, @Symmetries in unpolarized SIDIS have been
measured by several experiments, most recently by
o HERMES: d, p [Phys.Rev. D87 (2013) no.1, 012010 ]
o COMPASS: d (NPB 886 (2014) 1046 ), (p — see A. Moretti talk)

— Strong kinematic dependence
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Existing data

- The AZY ¢, aNd AYY 24, @Symmetries in unpolarized SIDIS have been
measured by several experiments, most recently by
o HERMES: d, p [Phys.Rev. D87 (2013) no.1, 012010 ]
o COMPASS: d (NPB 886 (2014) 1046 ), (p — see A. Moretti talk)

— Strong kinematic dependence

- Difficulties in the interpretation of the asymmetries

— phenomenological fits not conclusive

uu

— problems in extracting (k%) from AZ%. b

— BM function not yet extracted
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Existing data

- The AZY ¢, aNd AYY 24, @Symmetries in unpolarized SIDIS have been
measured by several experiments, most recently by
o HERMES: d, p [Phys.Rev. D87 (2013) no.1, 012010 ]
o COMPASS: d (NPB 886 (2014) 1046 ), (p — see A. Moretti talk)
— Strong kinematic dependence

- Difficulties in the interpretation of the asymmetries
— phenomenological fits not conclusive
— problems in extracting (k2) from AYY b
— BM function not yet extracted

We tried to interpret COMPASS d ACOS b, ASymmetry using a MC

based on the 3P +string model (*) for polarized quark jets where we
implemented the Cahn effect

(*) A. Kerbizi et al, Phys.Rev. D97 (2018) no.7, 074010
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AYY . asymmetry from COMPASS
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Intrinsic quark transverse momentum

To describe the AYY. o, asymmetry with the MCin a limited kinematical

region (up to z ~ 0.5) it is necessary to require
e the intrinsic (kZ) of quarks to depend on xg
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the dependence of the hadrons p; in fragmentation to depend on z:
in our case this is built-in in the model due to the underling string
fragmentation framework.
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compared to MC
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Difference
increasing when
Z increases and

P decreases
=  Contributions
from other

processes ??
h+
o MC
e Published
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e COMPASS has estimated the contribution of hadrons

Diffractive VM contribution
in COMPASS SIDIS sample (LiD)
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From HEPGEN + Lepto simulations

|
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Z

™ from diffractive p® -
important at large z and

small Q?

PLB 764 (2017) 1

produced in the decay of diffractive vector mesons (VM)
— p? contamination is not negligible at small Q% and at large

Z

— ¢ mesons contribute less and mostly at z ~ 0.5
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Integrated over Q2
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Diffractive VM contribution

in COMPASS SIDIS sample (LiD)

i II
.ll
'

. !

Sl
H
d

-—02<z7<03

II*I*F LI |-Iilil
+
-+

--03<z7z<04

[

- 04<72<0.6

-—0.6<7z<0.8

“From HEPGEN + Lepto simulations,

0 02 04 06
P2 (GeV/c)y

0.8 1

About the same
shape in different z
bins

PLB 764 (2017) 1

— p? contamination is not negligible at small Q% and at large
z and at small Py
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Fraction of pions from exclusive p°
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Do hadrons from exclusive VMs also contribute to A

uu :
Acos 2¢,aSymmetries?

Albi Kerbizi
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uu

cos ¢hand

Do hadrons from exclusive VMs also contribute to A

uu :
Acos 2¢,aSymmetries?

We have studied this possible contribution for the first time.
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Selection of the exclusive events

* We have used 2006 SIDIS data —

- similar conditions to the 2004 data, same LiD target, same u* beam energy
- used for the study of the PZ multiplicities
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Selection of the exclusive events

We have used 2006 SIDIS data —

- similar conditions to the 2004 data, same LiD target, same u* beam energy
- used for the study of the PZ multiplicities

Selection of DIS events and hadrons — same cuts as in 2004 data
0% > 1(GeV/c)?

W > 5(GeV/c?)

02<y<09

H)I,‘lb < 60mrad

0.003 < x5 <0.13

0.2<z<0.85

0.1(GeV/c) < P < 1.(GeV/c)
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Selection of the exclusive events

We have used 2006 SIDIS data —

- similar conditions to the 2004 data, same LiD target, same u* beam energy
- used for the study of the PZ multiplicities

Selection of DIS events and hadrons — same cuts as in 2004 data
0% > 1(GeV/c)?

W > 5(GeV/c?)

02<y<09

H)I,?b < 60mrad

0.003 < x5 <0.13

0.2<z<0.85

0.1(GeV/c) < P < 1.(GeV/c)

selection of exclusive events — only events with two final state hadrons of
opposite charge with z, = z; + z, > 0.95
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Selection of the exclusive events

* We have used 2006 SIDIS data —

- similar conditions to the 2004 data, same LiD target, same u* beam energy
- used for the study of the PZ multiplicities

e Selection of DIS events and hadrons — same cuts as in 2004 data

 selection of exclusive events — only events with two final state hadrons of
opposite charge with z, = z; + z, > 0.95
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Selection of the exclusive events

We have used 2006 SIDIS data —

- similar conditions to the 2004 data, same LiD target, same u* beam energy
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Selection of the exclusive events

We have used 2006 SIDIS data —

- similar conditions to the 2004 data, same LiD target, same u* beam energy
- used for the study of the PZ multiplicities

Selection of DIS events and hadrons — same cuts as in 2004 data

selection of exclusive events — only events with two final state hadrons of
opposite charge with z, = z; + z, > 0.95

20000

15000

10000

5000

IIII|IIII|IIII|IIII|IIII

Preliminary

2000
1800
1600
1400
1200
1000
800
600
400

200

IIIIIIIIIIIllIIIIIIIIIIIIIIIII]I]IIIIIIII

OO

Preliminary

-~ -

OO

Zt
Albi Kerbizi

0.2 0.4 0.6 0.8




2000

1800

1600

1400

1200

1000

800

600

400

200

Preliminary

c>O

0.5 1 1.5 2 25 - 3 I
|¢h| (rad) |¢ |(7‘Cld)
|y | distribution for h+ in Correlation between z and n
exclusive events |n| for h+in exclusive events

* |¢y| distributions show very large modulations
* Strong correlation between z and | ¢, |
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Modulations in the azimuthal distributions

* The acceptance corrected azimuthal distributions in exclusive events
have been fitted using the function

Nexci(Pp; v) = No[1 + € (Y)ago(é’gclfl (v) cospy, + €, ()/)agolé’e;f]f,i(v) cos 2¢y]

v = (xp, %, Pr)

in the same bins of the 2004 COMPASS azimuthal asymmetries for h* and
-
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Large amplitudes at
small Pr and xp
Strong z dependence
Change of sign with z
Same for ht and h™
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UU,excl .
Acos 2¢p, amplitude
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Clearly
different
from zero!

Exclusive contribution to the SIDIS asymmetries
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Exclusive contribution to the SIDIS asymmetries
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“true” SIDIS azimuthal asymmetries

* Finaly, the true SIDIS azimuthal asymmetries have been evaluated as

1

UU,excl .
Acosnc])h - 1 — (Acos nenp racosn(/)h)' n=12
- AYY ¢, and Avl 2¢,, are the published values of the semi-inclusive azimuthal

asymmetrles
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Comparison between the subtracted and the published
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Comparison between the subtracted and the published
AU 26, @Symmetry for h+
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Comparison between MC and AZY b, asymmetries for h+ with

subtracted VM contribution
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,asymmetry after subtracting exclusive VM

contribution
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ACOS 2, aSymmetry after subtracting exclusive VM

contribution
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Conclusions

* A large contribution from exclusive VM production is present at small Q2, large z
and small Py

* For the first time we have measured the modulations in the azimuthal
distributions of hadrons from the decay of exclusive VMs:

- The amplitudes of cos ¢, and cos 2¢;, modulations are very large, clearly different
from zero, with strong kinematical dependence

* This contribution can not be neglected in measuring the SIDIS azimuthal
asymmetries and in the phenomenological analyses
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Conclusions

* A large contribution from exclusive VM production is present at small Q2, large z
and small Py

* For the first time we have measured the modulations in the azimuthal
distributions of hadrons from the decay of exclusive VMs:

- The amplitudes of cos ¢, and cos 2¢;, modulations are very large, clearly different
from zero, with strong kinematical dependence

* This contribution can not be neglected in measuring the SIDIS azimuthal
asymmetries and in the phenomenological analyses

An important message for the past and future measurements...
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Comparison between the subtracted and the published
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Comparison between the subtracted and the published
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Comparison between MC and Agy; 4, asymmetry for h- after

subtracting the exclusive VM contribution
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