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Generalised Parton Distributions
@ Proton spin sum rule: 1 = IAY + AG+ Lg+ L,

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 , = ?? — GPDs provides access

@ Generalised Parton Distributions (GPD) give access to
the 3D structure of a hadron

@ GPDs encode the correlation between the longitudinal
momentum of a parton and its position in the
transverse plane

[d

X
qf(x, b)) ———— Form factors

[db,

qf(x,b) —>—— PDFs
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Generalised Parton Distributions

@ 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

HI(x,& =0,t) = p9(x,b1)  (Burkardt 2000, 2003) J

Definition of variables:

q ...vy* four-momentum sca quarks
. . gluons

X ...average longitudinal =

momentum fraction of initial and |«

final parton (NOT accessible) b,‘l

& .. .difference of

. . . longimd.
longitudinal-momentum fraction
between initial and final parton uajg-t‘.fffi >
~ xs/(2 ~ %) .
t ...four-momentum transfer | @ ® x~0.003 x~0.03
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Generalised Parton Distributions

Definition of variables:

..vy* four-momentum

.. average longitudinal
momentum fraction of initial and
final parton (NOT accessible)
& .. .difference of
longitudinal-momentum fraction
between initial and final parton
~ xg/(2 — xg)

.. four-momentum transfer

@ 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
GPD E — helps constraining the total
angular momentum of partons

JF = L lim [1 dxx[H (3,6, £) + E7(x, €, 1) J

Phys. Rev Lett 78 (1997)

ﬁ i&

small ¢
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Generalised Parton Distributions

@ 4 chiral-even GPDs (parton helicity
conserved)

@ 4 chiral-odd (or transversity) GPDs
(parton helicity flipped)

Quark Polarisation
Unpolarised | Longitudinally polarised Tranversely polarised

() (L) m
v H Er
L H Er

Nucleon Polarisation

1 B E HT, I{IT

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

P — smalt — P

H(E, 1) = [T a8l — p 1 B8 gy
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Generalised Parton Distributions

@ 4 chiral-even GPDs (parton helicity
conserved)

@ 4 chiral-odd (or transversity) GPDs
(parton helicity flipped)

Quark Polarisation
Unpolarised | Longitudinally polarised Tranversely polarised
) L) m
gV H Er
F= ~ ~
o
B e H Er
2
5 ~ .
g 1 B E H T, H T
GPDs enter the exclusive processes
through Compton Form Factors (CFF)

P — smalt — P

HI( 1 H(x,€, .
H(E t) = f_ dxﬁf_l: P dx(x%it) +inH
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Generalised Parton Distributions

Hard Exclusive Meson Production:

@ Flavour separation for specific GPDs due
to different partonic content of mesons

@ Gluon and quark contributions at the same
order in «s for vector mesons

@ DVCS sensitive to H, Ef, A, and Ef
@ At the leading twist:

e Vector meson production sensitive to
Hf, and Ef

e Pseudoscalar mesons production is
described by GPDs A, and Ef

@ Both vector meson and pseudoscalar mesons

/ﬁ\ (as the 7o presented in this talk) are also
iti Ff — of4f f f
b emall 0 P sensitive to ET- = 2H + E}, and HY

== e

P /W\P'

Quark contribution

Gluon contribution

Markéta Peskova Exclusive 7t° muoproduction at COMPASS October 18, 2021 3/16



N
Road to HEMP cross-section

COMPASS measurement in 2012, and 2016/17 with ut and pu~ beams of
E. =160 GeV

Collected events corrected for:

@ Luminosity of p™ and u~ beams

@ Background subtraction

@ Acceptance of the spectrometer

COMPASS 2012:

. ) @ 4 weeks — results
T _ d“oy=p published:

dQ2dtdvdg¢ dtd¢ PLB 805(2020) 135454

COMPASS 2016/17:

@ 2x6 months

@ Reduction of pp cross-section to y*p:

with the virtual photon flux I = ['(E,., Q?,v)

w
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HEMP cross section

HEMP cross-section, reduced to y*p, for the unpolarised target

and polarised lepton beam (relevant for COMPASS 2012, 2016,/2017
measurements):

A0 1 rdot do; dorr doLr
vp _ 1 [dor ) -
dtdo 27r[ Fraluaer + e cos(2¢) a T e( —i—e)cosqﬁ—dt
d /
T |Pi|ve(1 - €)sin ¢%]
1-y -2
€= 2 242
l—y+5+57

Factorization proven for o,
not for o1 which is expected to
be suppressed by afactor 1/Q?

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:

2 2
oy 1 (d 03p d Uv_ip) _

dtdgp 2\ dtdeo dtde = study ¢
1 rdor do; dort doiT dependence
2l ae ey eS0T + Vel eos o
!:
F | P/ e(I=eF aﬂ
2.2
. -y

= 2 2.2
1-y+ 5+ 5

Factorization proven for o/,
not for o1 which is expected to

be suppressed by a factor 1/Q?
BUT large contributions are observed
at JLab
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NS
HEMP cross section
spin-dependent cross-sections

Spin independent HEMP cross-section after averaging the two

d207p_ d2<w_p+d2v_>p _

dtde dtde dtde |

1 dO’T dU[_ dUTT
% {W + € d + ECOS(2¢)

dt
/!
F | Py ar=asing— |

= study ¢
d d
a9 cos¢ dorr ependence
After integration in ¢
dO’T dO’L
e Tar

= study t dependence
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HEMP cross section

dZO',Y*p B [dO'T do gl

dorr
dtdo ar Teq o)

e(1+¢) cos¢dz

LT

d0' e
o [(1 — &) () — 28 Re (71)"(£))
_ U e
LG
dot 5
BT o [0 &) [Hr)P ~ g l(En)P]
dorr 7 .2
t'|(E
°TT o ¢|(E7)]
d = oo . do
ULT gmﬁRe (7)) )) Impact of E  should bev1slb|(e1|n —Edt ,
and also a dip at small t of UT
t' =t — tmin, tmin sSmallest possible momentum transfer
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COMPASS: Ve rsatile fac
with hadron (m, K%, p ...)”-'

o~y -
[y P o
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-
COMPASS GPD program

@ Two stage magnetic spectrometer
with large angular and momentum
acceptance

@ Versatile usage: hadron and muon
beams

@ Particle identification:

e Ring Imaging Cherenkov
(RICH) detector

o Electromagnetic calorimeters
(ECALO, ECALL, ECAL2)

e Hadronic calorimeters
(HCAL1, HCAL2)

e 2 muon walls
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-
COMPASS GPD program

@ Target ToF system:

New equipements:

° 24: In'ner and outer »2.5m LH2 target
scintillators > 4m ToF Barrel CAMERA
e 1 GHz readout >ECALO

e 310 ps ToF resolution
@ ECALO calorimeter:

e shaslyk modules
e 2 X 2 m, 2200
- channels
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Exclusive t° production: Selection

@ Incoming and outcoming 1
connected to primary vertex

@ Two photons in ECALs from m°
decay, attached to the vertex

@ Recoil proton candidate
1< @><5(GeV/e)?,

8.5 < v <28 GeV,

0.08 < |t| < 0.64 (GeV/c)?
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Exclusive t° production: Selection

@ Incoming and outcoming p

connected to primary vertex ‘ouler scintillator reconstructed hit
@ Two photons in ECALs from m°
decay, attached to the vertex proton
@ Recoil proton candidate oner seintlletor./  feconstructed hit
| |
target Az ou
0 1< Q%<5 (GeV/c)?, = / Lo
Win vertex
8.5 < v <28 GeV, m
out
0.08 < |t| < 0.64 (GeV/c)?
. . 0 L ¢ Data
Selections for exclusive ° events: > [SJHEPGEN +LEPTO
. = [LePTO
@ Transverse momentum constraint: o 40
_ P P
Apr = PT spect ~ PT, recoil S é
2
0 20

YT 0 02 04
ApT (GeVic)
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i intill i
@ Recoil proton candidate oner seinflEter_/ y feconstructed it
Az
0 1< Q%<5 (GeV/c)?, = / Lo
in rt
8.5 < v < 28 GeV, . vertex "
out
0.08 < |t| < 0.64 (GeV/c)?
. . -% L ] ¢ Data
Selections for exclusive 70 events: £ 0 § [SJHEPGEN +LEPTO
. r i% [ LEPTO
@ Transverse momentum constraint: =) ol |5§\1
_ P P N L AN
ApT - pT,spect - pT,recoil 7] L §\§§=
o A 4 P g L \gi
¥ = Pspect ~ Precoil E 201 INY
w r '%\
10 : l\
4\\\\\\
o bt E -“&m A
-1 05 0 0.5 1
Ag¢ (rad)
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Exclusive t° production: Selection

@ Incoming and outcoming p

connected to primary vertex ‘ouler scintillator reconstructed hit
@ Two photons in ECALs from m°

decay, attached to the vertex proton
) . inner scintillator tructed hit
@ Recoil proton candidate ‘ g CConSUCteC
Az
0 1< Q%<5 (GeV/c)?, = . H
in r
8.5 < v < 28 GeV, * e "
out
0.08 < |t| < 0.64 (GeV/c)?
. . S 40 L ¢ Data
Selections for exclusive 7 events: g F [SJHEPGEN +LEPTO
< [
@ Transverse momentum constraint: Ay a0l mreero
P P n
ApT - pT,spect - pT,recoil § F ’§,
_ P € F N
@ Ap = Popect — ‘Pfeco,'/ 0 20 - i&§\§=
@ Z coordinate of inner CAMERA ring: g §\§
spect recoil i ;\\\\\\\\\‘:\Q
N bl
-20 0 20

Az (cm)

Markéta Peskova Exclusive 7t° muoproduction at COMPASS October 18, 2021 9/16
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@ Incoming and outcoming p

connected to primary vertex ‘ouler scintillator reconstructed hit
@ Two photons in ECALs from m°
decay, attached to the vertex proton
) . inner scintillator reconstructed hit
@ Recoil proton candidate ‘ x
Az
target ou
0 1< Q%<5 (GeV/c)?, . b / : Lo
in erte:
8.5 < v <28 GeV, e "
out
0.08 < |t| < 0.64 (GeV/c)?
o~ 60
i H 0 & L i ¢ Data
Selections for exclusive m° events: o i [SJHEPGEN +LEPTO
. > r i
@ Transverse momentum constraint: Q s :i [eero
A _ AP _ nP é 40 E‘
PT = pT,spect pT,recoil o §H
@ Ap=,F P s I %i
P = Pspect ~ Precoil » [ _|§
® Z coordinate of inner CAMERA ring; £ %
Az = Zspect — Zrecoil w [ i\
) En2ergy—momentum conservation: s \\\}\“\k\“ ;
MX — (Pp.,in + Pp — Pyout — Py — Pﬂo) 0 T T e wrtenitersriedre

0.2 0.4
2 2
M5 (GeVic?)
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Exclusive t° production: Selection

@ Incoming and outcoming p

connected to primary vertex ‘ouler scintillator reconstructed hit
@ Two photons in ECALs from m°
decay, attached to the vertex proton
) . inner scintillator reconstructed hit
@ Recoil proton candidate ‘ x
Az
target ou
0 1< Q%<5 (GeV/c)?, b / : Lo
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Az =P  _ 5P S 5L . :&\ .
zZ= ZSPECt Z recoil w L I.\\\\
@ Energy-momentum conservation: L \%\%&
2 _ ) _ o, 2 L :g.\t{*
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Exclusive 7° production: SIDIS background estimation

@ Main background of 7 production = non-exclusive DIS processes
@ 2 reference samples (wider kinematic range) described by MC:

e LEPTO for describing the shape of non-exclusive background
distribution

o HEPGEN++ for the shape of distributions of exclusive 7t° production
(signal contribution)

@ Search for best description of data in signal region and background

region

=~ 4 Data = 30 # Data
S s0 [SJHEPGEN +LEPTO S [SIHEPGEN + LEPTO
%) [ HEPGEN %) [ HEPGEN
2 o § 20
3 3
~ -
g 2
= =
€ g 10 ‘ |
W, L

ettt A

- 05 o 05 1 - 05
signal region M2 (GeV/c?? background region M2 (GeV/cd?

Resulting fraction of non-exclusive background in data:

(29781sys) % |
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Exclusive t° production: COMPASS acceptance

@ 4D acceptance in bins of ¢,0, v, |t], Q>

o figure shows 3D projection, as a function of ¢,0

28.00 -

0] m..‘ LR 0””“! PR R ot ‘s COMPASS 2012
> i
20.78 |- ©
o LX] 02| §
‘ L ¢ LI | £
A t.‘o ¢ AT RAX) .: ' ‘e 01 §
ol2
15.43 |- |
o2 L .
m.u.‘to‘ ”HH‘. .t K tf * W beam
' ’ * utbeam
11.45 |-
T AT t 4 [ -3r, .. 3, 7]
At e .. , ' BT
e ) ‘s 9. [rad]
P o O SO O B
1.00 1.50 2.24 3.34 5.00
Q? [(GeV/cH
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Exclusive 7i¥ cross-section as a function of |t|
‘E 80 C A Tk e Data 30
S _F ~ e s GK2011
s 25/ A v GK2016
O] C .
S 20 N 20} &
o C ™~
= . A
~ 15 ~
==k } ~
£ 10 a1 10}
t: : "“-,__‘ - ;
T = 5 B
-:P'U F E
= B [
0 O oy e ey by 1
° 0 01 02 03 04 05 06 [0.08 064
~

It] (GeV/c)?

[ PLB 805 (2020) 135454]
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Exclusive 7i¥ cross-section as a function of |t|

O.‘.‘I..‘.I“.‘I..‘.I‘..‘I.“.I‘
0 01 02 03 04 05 06 [0.08,0.64]

It] (GeV/c)?

. - — = Factor of ~ 2 discrepancy with
Bijp vl liclesie eanilbuien el ETJ Goloskokov&Kroll model EPJ A47 (2011) 112 J
— 30 \ 30
o : A& T e Data
O C : ~ === a GK2011
S 251/ S e v GK2016
'Y
)] C .
S 20F N 20| 4
o] r N
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~ 15 ~
[ } T
oD' 10 :_ A 10t
N - .. ~ b
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-kD- © C E
Ko- C .
©
©
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Exclusive 7t° cross-section as a function of ¢
2
Tove = 1[990 4 et 4 ccos(29)95m + /(T T cos 652
cE = —— o Data
) S — » GK2011
s °c e v GK2016
S "¢
o 4
= r
. 3F
og' 2 &
= =
15 R
Y-
>~T 0 E
\‘6’ 0 :l Il 1 Il 1 ‘ 1 Il 1 Il | Il 1 Il 1 ‘ 1 Il 1 Il | 1 1 1 1 | 1 1 1 1 ‘ |
© -3 -2 -1 0 1 2 3
~ [PLB 805 (2020) 135454] It| € (0.08,0.64) Gev ¢ (rad)
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Exclusive 7t° cross-section as a function of ¢
Tz = & [192 4 ef8 4 ecos(26) 452 + /€T + o 6157 ]
T@ 6%—%+6%_(81i09+ o) @7 T 2 ko011
> i = (6041398 by T GK2016
S "¢ L L
E 4o —(14+05103) g2/ \
~3F - ' / \
AN |
AR, N
2E "
N%-U Bl b b e e e \|
5 -3 -2 -1 0 1 2 3
~ [PLB 805 (2020) 135454] || € (0.08,0.64) Gev ¢ (rad)
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|
Outlook to COMPASS 2016/17 results

@ Integrated 2012 luminosity: L,+=18.9 pb~! u: L,-=235 pb!
@ 2016+2017 data: .
~ 9x statistics of 2012

A

"
50 100 150 200 250 0.8 1 12

My, [MeV/c?] MYY [GeV/c?]
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|
Outlook to COMPASS 2016/17 results

@ Integrated 2012 luminosity: L,+=18.9 pb~! u: L,-=235 pb!

201642017 data: -
° * a4 U 9x statistics of 2012

> 2016/7 data: Flatter acceptance, wider in large photon angles
@ Analysis of 2016/17 data is ongoing, currently 2/3 of 2016 data processed
— 2.5x larger statistics than 2012

180 —+— COMPASS data

16 —— HEPGEN

S

—— HEPGEN+LEPTO COMPASS 2012

[Jpata
Excl 2° MC + Lepto|
[] Lepto Background

preliminary

14

S

LEPTO contribution: 51+ 5%

12

Entries / 3 MeV/c2
8

Entries

10

8

S

6

S

4

S

2

S}

=3
T T[T [ TT T [ TT T[T [ TI [ TT [T 7T

50 100 150 200 250 1 12

2
M, [MeVi/c?] M,, [GeV/c?]
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Summary

t-dependence and ¢-dependence of exclusive ¥ cross-section on

unpolarised proton target:

> First results at low £ (or (xg) = 0.093) from COMPASS 2012 pilot
measurement, input for constraining the Goloskokov&Kroll model

o~ 30 - 30

Saf Ny =i 8 > New results soon expected from
%fgf I } T e the measurement in 2016,/2017 for
aep : S KH DVCS, vector and pseudoscalar
s . meson production

‘?i/uo‘ 0‘1 0‘2‘ 0‘3‘ 0405 ‘0‘62 [0.08, 0.64]

- e > Collected 2016,/2017 statistics

§ o o~ ;—22\:}2?531& ~9 X larger then from 2012 run
25 \ > New results coming soon on

?Ef differential cross-section of

;%L%” exclusive 7° as a function Q?, v, t,

and ¢!

~
RS
8

2w

[ PLB 805 (2020) 135454 ]
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