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(Un)polarised SIDIS: x-section, structure functions and TMDs

e SIDIS x-section at leading twist: )

@ Interpretation of F){gbh :

do
5 o (Fuu,t +efuu,T)
drdydzdesdend Py A{((;fh) = F){gh) —¢[wfD] =
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(Un)polarised SIDIS: x-section, structure functions and TMDs

e Unpolarised SIDIS x-section at sub-leading

o Interpretation of Ff (%)
twist: p XU

do f(n) f(én)
7dxdydzd¢th% o ALY o« Fyd™ =FwfD] =
_ xZeg/koTdQPJﬁ@)(sz—i-PJ_ — Pp)
(Fuu,r +eFuu,m){ 141 A" cos ¢y, q

w(kr, PL)f(z, kr,Q*) D" (2, P, Q%)

C

~0s 2¢ P 4Sin ¢ .
+ 52;1‘[.'; b cos 2¢y, + Af;;;lﬁﬁ“" sin oh}

@ Absence of cancellation of
polarisation-independent effects, requiring
dedicated corrections

e EMMI-RRTF focus: impact of background
from DVMs
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(Un)polarised SIDIS: x-section, structure functions and TMDs

e Unpolarised SIDIS x-section integrated over . Fn)
o Interpretation of Fy ™:
¢n and normalised to the oP!S: P Xu
Mh (x,Q% 2 P}) = do? doD® F>f<§(¢h) =%lwfD] =
dzdQ?dzdP2/ dedQ?

2/ 2 2 (2) _
T E e d*kpd“P, 6'“)(zkT + P, — Pr)
1 Nhi (z,Q3, 2, P%) q 1

- APfAz NPS(z,Q2) w(kr, PL)f9(z, kr, Q*)DI7" (2, P, Q%)
x Fyu = (Fyu,r +¢Fuu,T)

@ Absence of cancellation of
polarisation-independent effects, requiring
dedicated corrections

o EMMI-RRTF focus: impact of background
from DVMs
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SIDIS event selection

o Kinematical requirements: 20

0.2 <y < 0.9 0.003 < < 0.130 V(@ WA
0.1 GeV/e <Pr < 1.0 GeV/c W >5 GeV/c?
0.2 <z < 0.85 Q* > 1 GeV?/c?

N(P) .

o BUT Exclusive processes may satisfy those requirements
as well

@ Problem: mesons produced in exclusive processes decaying
into charged hadrons

uN — W'VN’  followed by V — h*h~

/;m

e Non-negligible contributors: p — ntn~ and ¢ — KTK™

Vendula Benesova 3/ 14 15. 06. 2026, CERN



Looking for hadrons from DVMs in the visible pairs

@ p and ¢ mesons visible in invariant mass distributions of candidates for exclusive processes:

— hadrons from an event with only 2 oppositely charged hadrons in the final state

— additional requirement on exclusivity of the process: zy = zp+ + 2,

->09

— Peaks for p and ¢ nicely visible in the measured data, limits used for further analyses:

p—> i

. Myig— € [1.04,00] GeV/é?
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Visible and invisible hadrons from decays of DVMs

o Current approach used for analysis of 2016 data
— excluding hadrons from DVMs from analysis in 2 steps:

e visible hadron pairs

e both hadrons reconstructed
e rejected using:

[ Zt = Zth + th < 09 ]

\h'(Zh—)

h*(zy+)
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Visible and invisible hadrons from decays of DVMs

o Current approach used for analysis of 2016 data

— excluding hadrons from DVMs from analysis in 2 steps:

e visible hadron pairs

e both hadrons reconstructed
e rejected using:

e invisible hadrons

e 1 hadron reconstructed
o determination of z; not possible

[ Zt = Zth + th < 09

[ subtracted using HEPGEN MC

\ h™ (zn-)

h*(zy+)
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HEPGEN normalisation: how much to subtract?

@ Normalization of HEPGEN is estimated using FEjss distributions of visible hadron pairs

M2 — M?
X p 2 2
By = ———— MX = (p—l—q—Ph+ —Ph_)
2M,
% : COMPASS preliminary, @ p — ' h* h™ % [ COMPASS preliminary, it p — p'h*h™ X
© M < 1.04 GeV/e> S 4000 M. € 05, 1.1) GeVIE, Myg > 104 Gevie?
=} L — data - -~ HEPGEN ¢ — LEPTO =] = data - -~ HEPGEN p LEPTO
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o HEPGEN is normalised to the size of the peak in ;s for measured data minus LEPTO
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Affected kinematical regions

@ Determined mainly by contamination:
visible invisible
Ntotal
Ntotal

Ctot =
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Affected kinematical regions

@ In case of azimuthal asymmetries, also the size of the modulations of hadrons from
decay of DVMs plays key role (obtained by assuming SIDIS x-section)
dghDVM
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Affected kinematical regions

e In case of azimuthal asymmetries, also the size of the modulations of hadrons from
decay of DVMs plays key role (obtained by assuming SIDIS x-section)
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Effect of background treatment on 3D A{gﬁh): h™*

A CO8 bn A co8 2¢n in ¢y
Uuu Uuu LU
Py (GeVic) Py (GeVic) Py (GeVic)
0 03 05 06+ 1 173 oa 03 s 0ot \ 173 o 03 05 06+ 1 173
COMPASS preliminary fup > uwhX feffect of DVMs  [wsubdcut 085 z Jcompass ‘preliminary fup > X flect of DVMs. 085 z COMPASS ‘preliminary fiup > X fect of DVMs  [wsub&cut 085
0.2 fomosub. 0.5} [omosub.
o e
. 3 5 385 i
OBy ¥ EEE T ] i i 4 ¥ | e ] j
5 iga F¥11 2853|388 3 ' 3
o} T i A 1} T T R i 3§ i Fi-ady
L3 0.7 0.7 I 0.7
& 0.2] 0.1]
5oyl : i 1
LR Y [ AR T g Ladhy gy PR
i ity g, H §id Gig v o }1 }
0.2}
0ss i 0ss 0ss
01
¥ 'l.- 3, = . ol Ean® [TIR L] [ $11 ‘! 3 11
ey s e v Ry EE
]
-0
] 04 0.4 04
ot .3
CRErT i itd i i ¥
3 s - 11 k| YT §-i-8% 3
L T _ [ ETI S e o "i it iy
0.2}
L] 0.32 0.32 0.32
o4
DT ¥ i ] N i
o | Sas, | 5a, FL] M wnn | B¥ S ‘}!i sigd ;‘}
- 3 & L] - 0.1
-0
025 025 025
Y
CR T L it ] ]
. Sysn | wfg ﬂj . son s | mamm | &8 wy- et 1533 I!il }iti
- =0.1]
0.2}
02 § 0.2 0.2
douu W W ¥E E o
P P . . S . I S l}l
i - i
=0.1]
—0.2f 0.2}
0.2k s — 01 -~ ! 0.1 — - 01
107107 102 100 107 100 107 100 100 10 107100 102 100 107 100 100 100 100 107 07107 102 100 107 100 107 100 100 10

Vendula Benesova 8 /14 15. 06. 2026, CERN



Effect of background treatment on 3D A{gﬁh)z h™*
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Effect of background treatment on 3D Ay,

AgS )
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Effect of background subtraction on M™ (1st and last z bin)
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History of treatment of DVMs as background to SIDIS

o First unpolarised measurements published without any treatment of DV Ms:
o Azimuthal asymmetries from 2006 data [NPB 886 (2014) 1046-1077]
o Pi-dependent multiplicities from 2004 data [EPJC 73 (2013) 8, 2531]
@ Around 2017, the impact of DVMs was found to be bigger than initially expected
— P2-dependent multiplicities from 2006 data [PRD 97 (2018) 032006] already
account for contamination of DVMs by employing HEP GEN-based multiplicative
correction:
Ch X 1~ ot (simplified expression)
Cpis 1 — ciot,DIS ’ Y
— Ad-hoc HEPGEN-based correction of azimuthal asymmetries evaluated using
contamination and ACDO\S,IK/? b

]. Ctot,
cos k¢y, 4 os ko O k ]
AUU — < CUU7L11 cor ACOS ¢h> k [ { ) 2}

1 — ciot €k

— Updated paper with corrected results for 2004 azimuthal asymmetries off isoscalar
target [NPB 956 (2020) 115039
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https://inspirehep.net/literature/1278730
https://inspirehep.net/literature/1236358
https://inspirehep.net/literature/1624692
https://inspirehep.net/literature/1772229

Comparison of proton and isoscalar target in 3D h™*

e Comparison with COMPASS results on isoscalar target es201407 019 (both no RC)
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https://www.sciencedirect.com/science/article/pii/S0550321314002387?via%3Dihub

Comparison of proton and isoscalar target in 3D h™*

e Comparison with COMPASS results on isoscalar target es201407 019 (both no RC)
e Difference at high z and low Pr hinting flavour dependence
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Comparison of proton and isoscalar target in 3D h™

e Comparison with COMPASS results on isoscalar target es201407 019] (both no RC)
@ Difference at high z and low Pr hinting flavour dependence
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Comparison of proton and isoscalar target in 3D h™

e Comparison with COMPASS results on isoscalar target es201407 019] (both no RC)
e BUT: High z and low Pr is the region of the biggest effect of the correction
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Summary and conclusions

The impact of DVMSs on current analyses

o Most of the background removed by cutting off the exclusive peak (z,+ + 2z, < 0.9)

o Agreement between data and HEPGEN MC, which has SDMEs measured on COMPASS
plugged in

e Only a small correction is done by subtraction of HEPGEN MC

o Q% dependence of SDMEs included in systematics

o Analyses with this approach have not been published yet (will be soon!)

The impact on older results

e First results accounted for DVMs only by employing upper limit on z
e Ad-hoc corrections are large and carry large systematics
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o Agreement between data and HEPGEN MC, which has SDMEs measured on COMPASS
plugged in
e Only a small correction is done by subtraction of HEPGEN MC
o Q% dependence of SDMEs included in systematics
o Analyses with this approach have not been published yet (will be soon!)

The impact on older results

e First results accounted for DVMs only by employing upper limit on z
e Ad-hoc corrections are large and carry large systematics

[ Thank you for your attention! ]
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Backup
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Effect of background subtraction on M"* (2nd and 3rd z bin)
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Systematics from the p polarization

e Contribution arise from the difference in z-range used in the analysis and for the
normalisation f(z) and from Rygpqen(Q?) = 1 # RpaTa:

Zp M
/ foaTa(z) dz / fueprcen(z) dz

ZM ' Zp
Joara(z) dz faEpcEN(2) dz

Zm Za

f(z) =14+ (2R—-1)(2z —1)

o = [Ah - A e -la =1 a=

04
,
R~ % Rpata =~ 0.62 - (Q*)%7° RugpgeN = 1

=
@ 2z, 2 given by kinematical bin limits, if no z binning z, = 0.2 2z, = 0.85
@ zy, zy — given by range for normalization: z,, = 0.1 zp; =1

e Contribution from p polarisation is mostly small in comparison to other sources
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Effect of background treatment on 1D A)f&bh): h*

@ The background of hadrons from DVM decays has a significant impact on the results

@ Most of the correction is due to the cut on z;
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