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COMPASS experiment at CERN

e COMPASS (COmmon Muon and Proton Apparatus for Structure
and Spectroscopy) is a fixed target experiment at CERN

@ 20 years of data measurement between 2002-2022 dedicated to
spectroscopy and nucleon structure
e 20162017 Setup liquid hydrogen target, 160 GeV /c longitudinally
polarized p* beam
o Deeply Virtual Compton Scattering (DVCS)

o Hard Exclusive Meson Production (HEMP)
o Semi-Inclusive Deeply Inelastic Scattering (SIDIS)
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Unpolarized SIDIS

e SIDIS: [ 1)+ N(P) = (") +h(P)+X ]

1) )

h(P,)

@ Hadron Pr originates from quark bt and fragmentation — TMDs

@ Pr and azimuthal angle ¢, are defined in y*-nucleon system (GNS):
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Unpolarized SIDIS — structure functions

@ Unpolarized SIDIS cross-section: [A. Bacchetta et al., JHEP0702(2007)]

do 2ma?  y? 2

Y
drdydzdg,dP2 — zyQ? 2(1 — 5)( + —290)[ vu,T + eFyu,Lt

V2e(1 + €)F5% 7 cos o, + eF5 P cos 2, + A/2e(1 + &) Fi " sin d)h}

° P% distributions at twist 2: Fyy = FUU,T + 5FUU,L ~ FUU,T

do 21202 [1+ (1 —y)?]

= F;
dzd@Q?dzdP;  zyQ? y2 vu

@ Structure functions F)’:%¢h)(x, 2z, P}, Q?) interpretation — weighted
convolutions:

ClwfDl=z) e / d?kd® P8P (zky + PL— Pr)w(kr, PL) f9(z, kr, Q%) D7 (2, P, Q?)
q
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Unpolarized SIDIS — structure functions

@ Structure functions F{%%)(x, 2z, P, Q%) interpretation — weighted
convolutions:

ClwfD] =z e; / d?kd® P8P (zky + P — Pr)w(kr, PL) f4(, kr, Q%) D" (2, PL, Q?)

q
o Leading twist description of unpolarized SIDIS:

TMD-PDFs f9(x, kr,Q?): TMD-FFs D97 (2, P, ,Q?):
e unpolarized f; e unpolarized D,
o Boer-Mulders hi- o Collins H{

@ Up to order %:

Fyu T = %[f1D1] Fyu,L=0 FIiiLIJWh =0+
2(h-kr)(h-PL)— (kr- P P
F[CJ%S2¢h — ( T)( 1) — (kT J-)hlLHli « h=_-T
2ZM M}, | Pr|
~ 2 =
én _ 2M (h-kT) , ki(h-Py) | | W.W. t
FGor = 6% *T,lel+Whl Hi"+..| ¢ apbroximation
|
Cahn effect Boer-Mulders effect
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Unpolarized SIDIS — azimuthal asymmetries

@ Unpolarized SIDIS cross-section:

do _
dadydzdgpdPr

go(1 + €1 AL cos ¢, + e ADEP" cos 20, + Aez AT " sin ¢y,)

@ Azimuthal asymmetries are obtained by fitting the cross-section on the
measured ¢j, distributions

@ Asymmetries are directly connected to the structure functions:

f(on) 2 )2 F)ﬁ?h)
AXUh (xvzaPTaQ )E F
198

— A%)S% : Cahn effect with negative weight
— A%OISJM": Boer—Mulders effect

— AJRO" : higher-twist effects
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Data sample, kinematic range and binning

@ Results of 2016 unpolarized SIDIS
presented previously:

o [DIS 2022]
o [SPIN 2023]
o [DIS 2024]

@ Kinematical coverage:

02<y<09  0.003<z<0.130
Q% > 1 GeV?/c? 0~ < 60 mrad
02<2<08 W >5GeV/c?

0.1 GeV/c < Pr < 1.0 GeV/c
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https://wwwcompass.cern.ch/compass/publications/talks/t2022/Matousek_20220503.pdf
https://wwwcompass.cern.ch/compass/publications/talks/t2023/spin2023_matousek1.pdf
https://arxiv.org/pdf/2407.14669
https://arxiv.org/abs/1912.10322

Radiative corrections

@ Cross-section is defined at tree level — radiative corrections account for
QED radiative effects (RE):

(1) oy D 40
renormalisation of the vertices

L

radiation of photons along the w, . WP ¥ haA)
i and virtual photon

— corresponding changes in z, Q>
and orientation of GNS N(P)

e impact of RE in hadronic variables (such as ¢p) accessed only
through simulations

e DJANGOH: modified LEPTO generator with hadronization in
JETSET and SOPHIA [K. Charchula et al., DJANGOH]

NRE-f (gp)
NEO ()

e applied by multiplying ¢y,

distributions bin-by-bin by fraction 7 n(¢n) =
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Radiative corrections

@ Cross-section is defined at tree level — radiative corrections account for
QED radiative effects (RE):

(1) oy D 40
renormalisation of the vertices

L

radiation of photons along the w, . WP ¥ haA)
i and virtual photon

— corresponding changes in z, Q>
and orientation of GNS N(P)

e impact of RE in hadronic variables (such as ¢p) accessed only
through simulations

e DJANGOH: modified LEPTO generator with hadronization in
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_ V()
" NP

o applied by multiplying P%

P2
distributions bin-by-bin by fraction 7 n(Pr)
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Old radiative corrections at COMPASS

RC

@ Inclusive correction based on TERAD in previous COMPASS results

[ T « proton data, new RC
COMPASS preliminary «RC New S 0.9~ COMPASS preliminary v oroton data, old RG
115 0.02<x<0.03, 0.2<y<0.3 *RCas in PLB 764 (2017) 001 r protondata, o
U oRCasin PLB 767 (2017) 133 % osl * isoscalar data, old RC
1.10~ C
0.7 M - .

r 7 .

1.05— L ﬁ h k E g
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100 0t e s e . . . . IR
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0.2 0.4 0.6 0.8 0'15072 107"

on multiplicities of charged hadrons

o Multiplicities of m* [Phys.Lett.B 764 (2017)]
o Multiplicities of K* [Phys.Lett.B 767 (2017))

— No dependence on hadronic variables (¢, z, Pr) included in TERAD

RC =n
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RC for PZ distributions

New! |

e Distributions of 7 of charged hadrons in z : Q% : 2z : P2 dependence
— linear P% dependence with mostly negative slopes
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RC for PZ distributions

New! |

e Distributions of 7 of charged hadrons in z : Q% : 2z : P2 dependence
— linear P% dependence with mostly negative slopes
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Effect of RC on P} distributions

New! |

e Slopes of 1 of charged hadrons in z : Q2 : z dependence
— largest correction (slope) in:

[ 2 €[0.2,0.3], € [0.055,0.1], Q2 € [3,16] GeV?/c? ]
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Effect of RC on P} distributions

o Slopes of 1 of charged hadrons in z : Q2 : z dependence
— largest correction (slope) in:

[ 2 €10.2,0.3], 2 € [0.055,0.1], Q? € [3,16] GeV?/c? ]

o Assume exponential shape of the P% distributions before the

correction:
2 PE > > Pi
f(Pr) = Aexp <<P2>> = fe(Pr) = A(1 + p1 P) exp <<P2>>
T T
! _f o small effect
0! F ~
02 b fo e size compatible to the statistical
107 F error
12:5 : — RC cannot be neglected
0 1 2 3

P2 [(GeV/c)]
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Effect of RC on azimuthal asymmetries

@ The effect on azimuthal asymmetries grows with P, z and goes
down with z

e No effect is observed (nor expected) for ASIn®n

LU
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Final results corrected

on radiative effects
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@ systematic uncertainty is denoted as a band at the bottom (common for h*)
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Summary and conclusions

2016 unpolarized SIDIS on proton target
azimuthal asymmetries
e New preliminary results of azimuthal asymmetries corrected on RE
in 1D binning of z, x and Pr
— significant effect of the radiative corrections
e Ongoing work on applying RC on measured azimuthal asymmetries
in 2D and 3D binnings

P2 distributions
o RE on P% distributions are small, but larger than ogat

o Ongoing work on applying RC on measured P3 distributions

= Paper drafting to be started soon
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