Transverse momentum dependent
multiplicities of hadrons
produced in DIS at COMPASS

Andrea Moretti

University of Trieste / INFN Trieste

on behalf of the COMPASS Collaboration
‘5 ® &5)

w@ﬂv@,,

&Mzg@“@

@

(c]

TV
%@ﬁm gsi’ﬁé]



P} ;- dependent multiplicities in SIDIS_

Transverse momentum dependent multiplicities of hadrons produced in SIDIS:
a hot topic towards the understanding of the TMD structure of nucleon.

* Alot of work on the experimental side. Results from JLAB, HERMES, COMPASS.

* Deep investigation on the theoretical side . See e.g. contributions today [WG6], and many others...
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Transverse momentum dependent multiplicities of hadrons produced in SIDIS:
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New COMPASS contribution _

Transverse momentum dependent multiplicities of hadrons produced in SIDIS:
a hot topic towards the understanding of the TMD structure of nucleon.

* Alot of work on the experimental side. Results from JLAB, HERMES, COMPASS.

* Deep investigation on the theoretical side . See e.g. contributions today [WG6], and many others...
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Multiplicities - definition(s ) _

Hadron multiplicities: the ratio of spin-independent SIDIS cross section

/
d4o.£’p—>£’ hX 27T2a2

= 1+ (1 —y)?]F , 02,7, P2
dx dQ?dz dPj; (xys)z[ + (1 = y)*] Fyy (x, Q%, 2, Pirr)

and the DIS cross section, being

Fuu(%,Q%,2,Pfr) = ) € [ d?krd?py 69 (Pay — 2y = pri)f (v, Q% kr)DJ (2,02, pis)
q

!
40.{’p—>{’ hX dZO'

M"(x, Q% 2 Pyy ) =
(x.@% 2 Pir ) ddezdzdP,ZlT/ dx dQ?
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Multiplicities - definition(s ) _

Hadron multiplicities: the ratio of spin-independent SIDIS cross section

/
d4o.{’p—>{’ hX 27T2a2

dx dQ?dz dP?; N (xys)?
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and the DIS cross section, being
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* Current analysis of 2016 data is based on the one performed on COMPASS 2006 data
collected on an isoscalar (deuteron) target [PRD 97 (2018) 032006]

* 2 periods analyzed (out of 21) ~ 10% of available statistics
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Analysis of 2016 data _

* Current analysis of 2016 data is based on the one performed on COMPASS 2006 data
collected on an isoscalar (deuteron) target [PRD 97 (2018) 032006]
* 2 periods analyzed (out of 21) ~ 10% of available statistics
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Analysis of 2016 data _

* Current analysis of 2016 data is based on the one performed on COMPASS 2006 data
collected on an isoscalar (deuteron) target [PRD 97 (2018) 032006]
* 2 periods analyzed (out of 21) ~ 10% of available statistics

DIS selection Hadron selection
Q% > 1 (GeV/c)? charged
x > 0.003 02<z<0.8
0.1<y<0.9 0.02 < P /(GeV/c)?<3

 Multidimensional analysis: P2 multiplicities are measured in bins of (x, Q2, z)
for each (x, Q?) bin, we divided z range in 4 bins, as in the previous analysis.

1 2 3 4 5 6 7 8 9 10

PZ./(GeV/c)>  0.02 006 0.10 0.14 0.196 0.27 0.35 0.46 060 0.76
1.00 1.24 1.52 1.85 2.35 3.00

Q?/(GeV/e)? 1 1.7 3 7 16 81
x 0.003 0.008 0.013 0.02 0.032 0055 01 021 04 5
z 0.2 0.3 04 06 0.8 L 15 bins in Pj;
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Analysis of 2016 data _

* Current analysis of 2016 data is based on the one performed on COMPASS 2006 data
collected on an isoscalar (deuteron) target [PRD 97 (2018) 032006]
* 2 periods analyzed (out of 21) ~ 10% of available statistics

DIS selection Hadron selection
Q% > 1 (GeV/c)? charged
x > 0.003 02<z<0.8
0.1<y<0.9 0.02 < P /(GeV/c)?<3

 Multidimensional analysis: P2 multiplicities are measured in bins of (x, Q2, z)
for each (x, Q?) bin, we divided z range in 4 bins, as in the previous analysis.

1 2 3 4 5 6 7 8 9 10

PZ./(GeV/c)>  0.02 006 0.10 0.14 0.196 0.27 0.35 0.46 060 0.76
1.00 1.24 1.52 1.85 2.35 3.00

Q?/(GeV/e)? 1 1.7 3 7 16 81
T 0.003 0.008 0.013 0.02 0.032 0.055 0.1 0.21 0.4
z 02 03 04 06 08 L 15 bins in PZ; ]
The analysis is in progress. This talk:
preliminary results in a selected kinematic range from part of the data.
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Acceptance in P3;
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KINEMATIC RANGE
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Acceptance in Piy
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Acceptance in hadron azimuthal angl_
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Contaminations and systematics _

In parallel, selection of kinematic range where corrections due to diffractive vector mesons contamination
(p >ntn~,¢p > K*K™,...) are estimated to be small than 2%. Corrections for DVM are not applied.

In the fourth z bin (0.6 < z < 0. 8) the DVM contamination is estimated to be larger than 2%.

Several tests performed to estimate possible systematic effects: \
* stability of the results in time inside periods
* compatibility of different periods

Moreover, multiplicities have also been measured for different:
« azimuthal sectors of the spectrometer (¢L*?

* sections of the (long!) target

* The upper limit on the systematic error, relative to multiplicity, is
Osyst / M"< 0.1

\ (atlarge PZ) /

A. Moretti - DIS2019 16




Results (first z bin)
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Results (first + second z bin)
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Results (first + second + third z b
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Results (first + second + third z b
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Smooth trend.

Results are consistent with previous COMPASS
measurement on isoscalar target.

The difference between positive and negative
hadrons increases with z, as expected.
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Results — multiplicities for positive h_
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Results - multiplicities for negative h_
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Fit of multiplicities

The smooth multiplicities trend is well described by

Double exponential Tsallis function
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Fit of multiplicities in the range 0.4 < z < 0.6
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Fit of multiplicities

The smooth multiplicities trend is well described by

Double exponential Tsallis function
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/COMPASS is working on SIDIS data collected with an unpolarized proton target to study TMDS\
with particular focus on

azimuthal asymmetries and P% - dependent multiplicities
in view of a combined analysis with similar binning

PZ.. - dependent multiplicities
\ Preliminary results in a selected kinematic range are encouraging /

Next steps
« Use largest kinematic range as possible (even using part of target)
* Multiplicities as function of other variables (q; = P,y /z ), in rapidity bins, ...
e Analyze all 2016 and 2017 periods

—> Expected gain in statistics up to a factor of 10
with respect to the current analysis

Thank you!
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Backup
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Diffractive vector meson contributions

Hadrons can be produced in the decay of diffractively produced vector mesons (p » n¥n~,¢p > K¥K~,...).

DIS events and final-state hadrons are indistinguishable from the “true” DIS / SIDIS production, but the theoretical
description of diffractive production is given in terms of Pomeron exchange (gluon ladder) at variance with single-photon
exchange approximation.

Let’s indicate with N3% the number of observed events and with Np,, the estimated number of reconstructed diffractively
produced vector mesons (DVM):
N, + Ny

NBP$ = Npis + Npywm = Npjs + N, + Ny = =
DIS DIS DVM DIS p () fDVM NDIS + Np + N¢

Analogously, the number of observed hadrons N??S is built upon several terms:

NP + NP

N}(l)bs _ N’fIDIS + NhDVM ~ N}fIDIS + N,f + Ni? N }{)VM _
Nﬁs‘mls + NP +N¢
h h

All quantities have been estimated via Monte Carlo simulations based on LEPTO for the SIDIS part and on HEPGEN for the
DVM part. Here: plots for the DIS / pion / Kaon correction term, as from COMPASS paper [PRD 97 (2018) 032006].
New analysis in qualitative agreement (not expected to be identical due to the different target)
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