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Cross section for unpolarized SIDIS

SIDIS differential cross section for the production of a hadron A on an unpolarized nucleon target:

do _ 2ma? y? (1 yz)

dx dy dz depdPZ,  xyQ? 2(1-¢) 2x

: (FUU,T + eFyyy ++/2e(1 + &)Fyy ¥ cos gy, + eFyy 29h cos 25 + A 2e(1 — e)Fil:,1 Pk sin <ph)

 x,yand Q2are the usual DIS variables,

* ¥ =2Mx/Q

» zis the fraction of photon energy carried by the
hadron

* @p its azimuthal angle in the Gamma Nucleon System

*  PZ its transverse momentum squared wrt the photon

1
1-y—y?y?
s &=

= i is a kinematic factor
1-y+5y2+7y2y?

* ]; is the beam polarization.




Cross section for unpolarized SIDIS

SIDIS differential cross section for the production of a hadron A on an unpolarized nucleon target:

do _ 2ma?  y? (1 )/_2)
dx dy dz dopdPZr — xyQ22(1—¢) 2x
: (FUU,T + eFyyy, +26(1 + &) Fis P cos gy, + eF *?" cos 2y, + A3/2e(1 — e)Fior # sin <ph)

x,y and Q?are the usual DIS variables,

Yy = 2Mx/Q

z is the fraction of photon energy carried by the
hadron

@p, its azimuthal angle in the Gamma Nucleon System
PZ; its transverse momentum squared wrt the photon

1-y—y%y? . _
€= T, 1, is a kinematic factor
1=y+3ye+3v<y

A; is the beam polarization.

The Gamma Nucleon System

These structure functions have an expression
in terms of TMDs.
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Structure functions and observables

Retaining the most interesting terms, in Wandzura-Wilczek approximation, up to 1/Q:

Transverse momentum dependent

* Fyyr =Clf; 1D1]\ _ multiplicities
Unpolarized PDF and FF '

relevant for the relation between
B2 12 =2
Pyr, k7 and p7 .
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Independent information on p; from e*e™ annihilation.

The symbol C denotes the convolution over the unobservable momenta, ET and pr :
ClwfD] =x%, 35 f d? ET f d? ﬁT52(FhT - ZET - ﬁT)W(ETr ﬁT)fa(x; ET)Da(Z, pr)

h=Pp hT/lpth

v*

proton



Transverse momentum dependent multiplicities

Transverse momentum dependent multiplicities are defined as the ratio of the SIDIS - and the DIS cross sections:

a*m"(x,0%z,Pir) _ d4gtr-t'h X / d*c _ C[fiDi]
dz dPZ; " dxdQ2dzdPip ! dxdQ? Y, eify

In gaussian approximation and for small values of P,;, where (P%;) = z%(k2) + (p%) is expected to hold,

d*M"(x, Q%2 Pir) N p( Pfr)

= eXx —
dz dPZ; (P?r) (PZr)
sit Q*(GeV/cy 0
0.2< <03 \_ \
. = mgs 107 s HY
P,ZIT-multlpllcltles on deuteron - — .
data collected in 2004 and 2006 with a 10 . 10\ \ \ BE
transversely polarized deuteron target o el e N
! 10 4 —
Just an example, from COMPASS: N \ \ \ \ 12 3
Multiplicities as a function of P?;, grare GV ol el N NG N
in bins of x and Q?, \ i E— —
for a given z bin (0.2 < z < 0.3) ’ \ b2
. \.,,“ \_ \ \,_‘ .
Systematic uncertainty mainly from: % (i S S R E— —
acceptance correction m\ \ \ \ bes
diffractive vector mesons contribution U5 ST ol Ml N,
Generally 5% to 7% e Pyy (GeViey
123 123 123123 x
0.003 0.008 0.013 0.020 0.032 0.055 0.1 0.21 0.4 r

[COMPASS, Phys. Rev. D 97, 032006 (2018)]



Transverse momentum dependent multiplicities

Transverse momentum dependent multiplicities are defined as the ratio of the SIDIS - and the DIS cross sections:
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2
dz dPhT

~ dxdQ2?dz dP?
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=3
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In gaussian approximation and for small values of P,;, where (P%;) = z%(k2) + (p%) is expected to hold,
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Azimuthal asymmetries

As for the azimuthal asymmetries of hadrons
produced in SIDIS, recent results come from
COMPASS, HERMES, JLAB

azimuthal asymmetries on deuteron
data collected in 2004 and 2006 with a
transversely polarized deuteron target

Here, COMPASS results for the cos ¢j, asymmetry
as a function of x, z and P, (1D-analysis)
+ simultaneous binning in
the three variables (3D-analysis)
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Azimuthal asymmetries

As for the azimuthal asymmetries of hadrons 010 0.30 0.50 064 P’ GeVie) g0
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Contribution from exclusive events

A fraction of the hadrons selected for the SIDIS
analyses comes from the decay of

diffractively produced vector mesons (DVM).
The two most important channels are:

Such exclusive events/hadrons contribute to
the measured multiplicities.
Estimation done in COMPASS based on Monte

pO St Carlo (LEPTO for SIDIS, HEPGEN for DVM).
¢ > KYK~
[COMPASS, Phys. Rev. D 97, 032006 (2018)]
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counts

Contribution from exclusive events

Recently, it has been demonstrated that such diffractive production
mechanism has a sizable impact on the measured azimuthal
asymmetries as well. [COMPASS, arXiv:1912.10322)]

* The spin density matrix of the virtual photon is “transferred” to the vector
meson, and then to the final state hadron.

* This can induce a modulation in ¢y,.

* The target proton is almost kept intact: the process is exclusive

* Analysis performed on 2006 deuteron data
Same conditions as for published results, Monte Carlo available

« Selection of exclusive events with Vs
PN = MN
- exactly 2 hadrons

- with opposite charge Diffractive production of vector mesons and
- Zpyr +zp- =2 > 095 subsequent decay into two hadrons (sketch)

Subtraction of asymmetries.

The z,,+ + z,- = z, distribution lon| — z correlation for

; ; z for “exclusive” hadrons for “exclusive” hadron « .
(2h with opposite charge) || for “exclusive” hadrons exclusive” hadrons
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[COMPASS, arXiv:1912.10322)] 11



Contribution from exclusive events

P GeVic)

X

[COMPASS, arXiv:1912.10322)]
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Contribution from exclusive events
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Contribution from exclusive events

Fraction r of exclusive hadrons

in the same 3D binning and using the same
Monte Carlo results as for published results.

3D azimuthal asymmetries
after subtraction of the exclusive

contribution
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The 2016/2017 COMPASS runs
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In 2016/2017 new SIDIS data have been collected in COMPASS, with: ) : " .
* 160 GeV/c u beam (u* and u~ with balanced statistics) E 600 é
* Unpolarized, liquid hydrogen target ° ol w
In this talk: preliminary results for TMD observables

Here: a selection of kinematic distributions (x — Q2 coverage, x, z, Pyr)
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PRELIMINARY RESULTS FROM THE 2016 RUN
Pf%T = dep endent multlpllCltleS ~10% of the available statistics.
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PRELIMINARY RESULTS FROM THE 2016 RUN
PI%T = dep endent multlpllCltleS ~10% of the available statistics.
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PRELIMINARY RESULTS FROM THE 2016 RUN
AZlmUthal asymmetrles ~49% of the available statistics.
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Diffractive vector mesons contamination

We are working on a refined method to estimate - and subtract the contribution to the hadron sample coming

from the decay of diffractive vector mesons.

The method does not require a precise knowledge of the
diffractive cross section.
It is based on the exclusive events observed in data.

Here, for example, the missing energy peak for all the events

where exactly 2 hadrons with opposite charge were reconstructed.

1. The 2h - E,,;;ss peak is used to normalize the HEPGEN
Monte Carlo to the data

2. Ifboth hadrons are reconstructed in the data, the exclusive
event can be removed with kinematic cuts

3. If only one hadron is reconstructed in the data, the leftover
contamination can be obtained from Monte Carlo.

COMPASS preliminary

data
600—
MC p (normalized)
400~
2001~
C ¢ (normalized)
%59 0 m 20

Emiss (GeV)
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Diffractive vector mesons contamination

We are working on a refined method to estimate - and subtract the contribution to the hadron sample coming
from the decay of diffractive vector mesons.

COMPASS preliminary
* The method does not require a precise knowledge of the

diffractive cross section, data
* Jtis based on the exclusive events observed in data

600—

* Here, for example, the missing energy peak for all the events MC p (normalized)
where exactly 2 hadrons with opposite charge were reconstructed.
1. The 2h - E,,;;ss peak is used to normalize the HEPGEN
Monte Carlo to the data
2. Ifboth hadrons are reconstructed in the data, the exclusive 200
event can be removed with kinematic cuts

3. If only one hadron is reconstructed in the data, the leftover

400(—

C ¢ (normalized)

contamination can be obtained from Monte Carlo. 0l ; m %
Emiss (GeV)
COMPASS preliminary
SDME’s in HEPGEN Monte Carlo L3P o . posu- paTA 21
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* The azimuthal modulations of decay €3 &
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Carlo via the Spin Density Matrix Elements ob--#- 2. 2% § i{z .......... VU S #% e —
(SDME’s), measured in COMPASS ol I o I ? ¢ i
* The data - Monte Carlo agreement for raw ik .
2h “asymmetries” is satisfactory. s
T {2/ e o e
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Diffractive vector mesons contamination

COMPASS preliminary
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Conclusions

* Two observables in unpolarized SIDIS are particularly interesting for the TMD physics: transverse
momentum dependent multiplicities and azimuthal asymmetries.

* Both have seen and are seeing a deep investigation both experimentally and theoretically.

« After addressing these topics with a deuteron target, the COMPASS Collaboration is working on the
analysis of the proton data collected in 2016 and 2017.

* Promising preliminary results have been shown for both the considered observables.
* A new method for the subtraction of events from diffractive production of vector mesons is used

* Analysis in a multi dimensional space of variables (including g, rapidity ... ) ongoing

* A challenging analysis, but — we think - of great impact for the TMD physics.
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PROJECTION OF STATISTICAL UNCERTAINTIES
Projection for the 1D asymmetries cun target length)

Systematic uncertainties on the published results: ~2 x statistical uncertainty
expected for the new results: ~1 x statistical uncertainty
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PROJECTION OF STATISTICAL UNCERTAINTIES
Projection for the 3D asymmetries (fun target length)

* COMPARISON WITH PUBLISHED DEUTERON for the cos ¢, asymmetry
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PROJECTION OF STATISTICAL UNCERTAINTIES
Projection for the 4D asymmetries (full target length)
cos ¢, asymmetry in the firstzbin (0.2 < z < 0.3)
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