Exclusive 7° muoproduction at COMPASS

Markéta Peskovd (Charles University, Prague)
on behalf of the COMPASS collaboration

Supported by the Charles University in Prague, project GA UK no. 60121

SPIN'21, October 18. - 22, 2021)

Markéta Peskova Exclusive 7t° muoproduction at COMPASS October 18, 2021 1/16



Generalised Parton Distributions
Proton spin sum rule: 3 =1AY + AG+ Lg+ Lg
Jaffe&Manohar Nucl. Phys. B337 (1990)

COMPASS experiment in up DIS: AX = 0:32 0:03
COMPASS Collaboration: Phys. Lett. B 693 (2010)

COMPASS, RHIC results: AG = 0:275%°
de Florian et al.Phys.Rev.Lett. 113 (2014) no.1, 012001

Missing component: Lg,q = 7?7 ¥ GPDs provides access

the 3D structure of a hadron

momentum of a parton and its position in the
transverse plane

R
; dx
q' (x; b?) R ¥ Form factors
- db,
qf (x; bo) ! PDFs
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Generalised Parton Distributions (GPD) give access to

GPDs encode the correlation between the longitudinal

2/16



Generalised Parton Distributions

Definition of variables:

g ...y four-momentum

X ...average longitudinal

momentum fraction of initial and

final parton (NOT accessible)
... difference of

longitudinal-momentum fraction

between initial and final parton
X=(2 Xg)

t ... four-momentum transfer
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Most commonly used processes for GPDs
parametrisation are Deeply Virtual

Compton Scattering (DVCS) and Hard

Exclusive Meson Production (HEMP)

DVCS gives access to GPD H ¥ 3D
imaging of a hadron

HY(x; =0;t) = 9(x;b>) (Burkardt 2000, 2003) J
sea quarks
gluons
- ) xP
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/
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N
Generalised Parton Distributions

Most commonly used processes for GPDs
parametrisation are Deeply Virtual
Compton Scattering (DVCS) and Hard
Exclusive Meson Production (HEMP)

Vector meson production gives access to
GPDE ! helps constraining the total
angular momentum of partons

Ry
- _ = %Illm JOXX[HT(x; )+ Ef(x; 5 t)]
De nition of variables: Phys. Rev. tLétt.078 )
qg... four-momentum
X ...average longitudinal
momentum fraction of initial and
nal parton (NOT accessible)
...dierence of
longitudinal-momentum fraction
between initial and nal parton
Xg=(2 Xg)
t ...four-momentum transfer
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N
Generalised Parton Distributions

4 chiral-even GPDs (parton helicity
conserved)

4 chiral-odd (or transversity) GPDs
(parton helicity ipped)

GPDs enter the exclusive processes
through Compton Form Factors (CFF)

R i, R .
H( )= 11dxw:P P Hee 4y
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N
Generalised Parton Distributions

Hard Exclusive Meson Production:

Flavour separation for speci ¢ GPDs due
to di erent partonic content of mesons

Gluon and quark contributions at the same
order in g for vector mesons

DVCS sensitive tH, Ef, Af, and Ef

At the leading twist:

Vector meson production sensitive to
Hf, and Ef

Pseudoscalar mesons production is
described by GPD#I", and Ef

Both vector meson and pseudoscalar mest
(as the ¢ presented in this talk) are also
sensitive toET =2HT + El, andH!
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Road to HEMP cross-section

COMPASS measurement in 2012, and 2016/17 with and

E =160 GeV

Collected events corrected for:
Luminosity of * and beams
Background subtraction
Acceptance of the spectrometer
Reduction of p cross-section to p:
d* ,
dQ?dtd d

dtd

with the virtual photon ux = ( E ;Q? )
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beams of

COMPASS 2012:

4 weeks! results
published:
PLB 805(2020) 135454

COMPASS 2016/17:
2 6 months
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N
HEMP cross section

HEMP cross-section, reduced to p, for the unpolarised target
and polarised lepton beam (relevant for COMPASS 2012, 2016/2017
measurements):

a2 1 Mg d d P d
p - = 71— 7L TT LT
Gd -2 at T oa T ees@)g (@ jeos =

i pi” @ Jsin L

Factorization proven for |,
not for 1 which is expected to

be suppressed by afactorQ?
BUT large contributions are observed
at JLab
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N
HEMP cross section

Spin independent HEMP cross-section after averaging the two
spin-dependent cross-sections:
]

d? P_l d? P d2[p -

= Z + =
dtd ~ 2 dtd dtd ) study
h
1'd + d . do P——0 d 7 dependence
7 @ " oa ;eI (e eos =g
i Pij m_—--
_ 1y Y

Factorization proven for |,
not for t which is expected to
be suppressed by afactorQ?

BUT large contributions are observed
at JLab
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HEMP cross section

Spin independent HEMP cross-section after averaging the two

spin-dependent cross-sections:
|

d? p_ 1 d? p d? p
= — + =
dtd 2 dtd dtd ) study
h
1'd + L R d .t dependence
> at + S + cos(2) at + (1+ )cos at

After integration in :
dr, d.
dt dt

) study t dependence

Marleta Peskowa Exclusive Y muoproduction at COMPASS October 18, 2021 5/16



HEMP cross section

d2 h

1'd d
—p:__T+ _L+ 005(2)
dtd 2 dt dt
GPDs in exclusive © production
d, h
W/ 1 2 jhHij2 2 ?2Re(hHi hEi)

tO > 2|

ﬁM—z JhEij .
d T 2 . ) to . . 2|
=L/ 1 hH —_jhE
pm R eesihEr il
d TT A 2
/I t9hE
dt oi Tl
duo, Pr—F " tORe(hHTi hEi)
dt
t0=t

Marleta Peskowa

d

T P
gt + (1+ )cos at

d '

|

and also a dip at smallt of =T

Impact of E1 should be visible in4T-, ]

d
dt

Exclusive Y muoproduction at COMPASS

tmin, tmin SmMallest possible momentum transfer
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-
COMPASS GPD program

Two stage magnetic spectrometer
with large angular and momentum
acceptance

Versatile usage: hadron and muon
beams

Particle identi cation:

Ring Imaging Cherenkov
(RICH) detector
Electromagnetic calorimeters
(ECALO, ECAL1, ECAL2)
Hadronic calorimeters
(HCAL1, HCAL?2)

2 muon walls
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COMPASS GPD program

Target ToF system:
24 inner and outer
scintillators
1 GHz readout
310 ps ToF resolution
ECALO calorimeter:

shaslyk modules
2 2m, 2200
channels
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-
Exclusive © production: Selection

Incoming and outcoming
connected to primary vertex

Two photons in ECALs from ©
decay, attached to the vertex

Recoil proton candidate
1< Q%< 5 (GeV/c)?,
85< < 28 GeV,

0:08< jtj < 0:64 (GeV/c)?
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Energy-momentum conservation:
2
MZ= P in*tPp P ou Ppo P o
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Exclusive © production: Selection

Incoming and outcoming
connected to primary vertex

Two photons in ECALs from ©
decay, attached to the vertex
Recoil proton candidate
1< Q%< 5 (GeV/c)?,
85< < 28 GeV,
0:08< jtj < 0:64 (GeV/c)?
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Transverse momentum constraint:
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spect recoil
Z coordinate of inner CAMERA ring:
- P P
Z= Zspect  Zrecoil
Energy-momentum conservation:
2
M>2<= PiintPp Piou Ppo Po
Invariant massM  cut
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