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3-Dimensional Imaging of Quarks and Gluons

Wigner function:

ﬁ full phase space parton

distribution of the nucleon
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Form Factors Parton Distribution
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Generalized Parton Distributions (GPDs)

Generalized Parton Distributions (GPD) quark pol.
J, N/g|lu|L| T
3-D nucleon images in the transverse E . Lr
coordinate and longitudinal momentum space § I 7l B
E T |E|E | Hpdl
4 chiral even and 4 chiral odd GPDs = o
E;— 2Hr + Er
* Indirect access to mechanical properties of the nucleon of 8 IR peior 5 CLAS dea
' gt for TLab @ 12 GV
fo(x,§ t)d.x Mz(t) -4 £2d (t)v\ pressure and - proaus”
shear forces >
mass &
 Additional physics content encoded in chiral odd GPDs g
K = /d:{:f_}}‘%(m:&,t =) / deH%(z,€,t =0)
E; is related to the protons H; is related to the v. B,;rke;t, L_' Elm'm‘;;";:;,,i,}__x'_ G,.r;,d, .
anomalous tensor magnetic moment  protons tensor charge D

K. Kumericki, Nature 570, E1-E2 (2019)
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Study GPDs: Deeply Virtual Exclusive Processes

Deeply Virtual Compton Deeply Virtual Meson
Scattering (DVCS) Production (DVMP)

-

N(P) N(P’) N(P) ~ ~ B(P’)
H,, A, E;, E;

+ Clean process + Enables Flavour decomposition of GPDs

- Only sensitive to chiral even GPDs + Access to transversity degrees of freedom

described by chiral-odd GPDs
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From the ground state nucleon to resonances

Ground state nucleon:
(proton, neutron)

Nucleon resonances: i
» Radial excitations )\
i.e N(1440) 1. .\

Orbital excitations

i.e N(1535) 25
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From classical GPD to transition GPDs

Past: Extensive studies of transition form factors (2D picture of transv. position)

But: How does the exitation affect the 3D structure of the Nucleon?

- Pressure distributions, tensor charge, ... of resonances?

=» Information encoded in transition GPDs

- More difficult theoretical description due to additional degrees of freedom

Simplest case: N—>A transition =2 16 transition GPDs

* 8 helicity non-flip transition GPDs (twist 2)
* 8 helicity flip transition GPDs (twist 3)
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Transition GPDs in the twist-2 sector

N—A transition: 8 twist-2 helicity non-flip transition GPDs

unpolarized: polarized:
1

£ () ) !
/1 deHp(x; & t) = 2G4 (1) ol < / dzCy(z; &;t) = 202 (t) ) >

— - -1
1 ?D_§ 1 %
| daHp@en =265 | 2§ | [ acawmsn=20i0 |
1 o —h
/ drHe(z; & t) = 2G 6 (t) = S /_1 dxCs(x; €:t) = 204 (1) o
—1 S M o
! = ' deCy(:6:1) = 207 ’

/ldxH4(ﬂ?;£;t) =0 ] 8T /_1 wCalm&it) = 2041

-> 3 of them are dominating in the large N limit
- Connection to proton-proton GPDs via symmetry considerations
=>» Description of leading twist effects / longitudinal virtual photons
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CLAS12 Experimental Setup in Hall B at JLAB

F ._a]:i ;;l r! . |
P o | — 3 £ I.I_-

| e ,—T- St
:: == v!h"ﬁ"‘:.:_g :

V. Burkert et al., Nucl. Instrum. Meth. A 959 (2020) 163419

N

/-) Data of this talk was recorded with CLAS12 during fall 2018 and spring 2019

> 10.6/10.2 GeV e beam =» ~87 % average polarization =¥ liquid H, target

= Analysed data ~ 35 % of the approved RG-A beam time

/
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Experimental Access to Transition GPDs (twist 2)

Experimental access: Non diagonal DVCS process

y*p—> N*y— N meson y

Two final states have been studied:

vEp = N*y = prly = pyyy

vEp = N*y — nrty

=» Exclusivity cuts were applied
for event selection

N(p) N(p) = Kinematic cuts:
W>2GeV Q*>1GeV? y<0.8
t<2GeV? E, pyes > 2 GeV

factorisation for: -t/Q? small, xg fixed
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First Theoretical Description of the A Region

P. A. M Guichon, L. Mosse, M. Vanderhaeghen, Phys. Rev. D68 (2003) 034018
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Resonance Mass Spectrum for N*—n1r*
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Resonance Mass Spectrum for N*—p1r°

epmly
full spectrum, no cuts cut on the pion long. momentum fraction a
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The non-diagonal DVMP processes

ep > eNrn" >e(prn )’

—>enr’)xt

ep > eNrn’ - e(nn* )’
—e(pr’)r’

ep >eN" T —>eprr

8 helicity non-flip trans. GPDs

+
Factorisation expected for: 8 helicity flip trans. GPDs
4/Q2<<1 and Q2> M,? X, fixed - Needed for twist-3 sector
- No publications exist so far
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Hard exclusive mA** production

ep >eN" " —>epr

Kinematic cuts:

Q>>15GeV? W >2GeV y <0.75

-t < 1.5 GeV? (forward region)

Q? [GeV?
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Event Selection and Background Rejection
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Monte Carlo Simulations

2 MC samples have been used:

a) Semi-inclusive DIS MC
- Does not contain the A* production in ,forward“ kinematics
- Contains nonres. background as well as p production and other potential BG channels

=» Used to estimate background shape and contaminations

b) Exclusive mA* MC
- Phase space simulation with a weigth added to match experimental data
- A peak with PDG mass and FWHM

=>» Both MCs are processed through the full simulation and reconstruction chain

— data excl. MC
£ 10 P c 900¢ = 5 r
8 N S 8 800F 3 g1000F [
f S ( 7007 # ‘wﬂ Xp 5 - [ﬁ#—m“l‘g\ =t
N B d b b E 800} L
10 S00F r i E r rf‘ T
LY 500E 3 600E l'-n.._
% 4005 f N 5 B ’ T .
L 300F { E 4001 b
10 { 2oo§ ’pd‘f hﬂm‘ E C 1"“'1‘"““41,
Il E 3 200
P[‘ 100E = £
| D ST D D . P S N IR IR RPN I I S
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Event Selection and Background Estimate
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experimental data

—— SIDIS MC (same cuts)

Background: 98 — 99 % non-resonant events

data after SIDIS MC subtraction

— fit of a Sill function (BW with thr. effects)

exclusive MC (for comparison)

Stefan Diehl, JLU + UConn

Opportunities with JLab Energy and Luminosity Upgrade

09/29/2022



Event Selection and Background Estimate

-t = 0.1 GeV?-0.3 GeV? ] 0.42 GeV? - 0.58 GeV? 0.8 GeV?-1.07 GeV? 1.3 GeV? - 1.5 GeV?
ol JrLL SB~20 | ‘wi ]| sB~e | sB~251" | 1 smB~15]
[ ] [ I_‘ 800 ] 400j o[ 1
j:: : Boc: [ L EOGi I_‘ | 300 E r _.I-L|
0 IJr |J -|-| 400: 'J Wbtla ] 200 : 'J .IJ‘IMJ M :
H ] 4001 ] i ] : 1]
2005 J 1 g 200: ’J hl'\ ] 200 ’J J_l'rH u‘LL"' ] mc: ’J WLKL
mcE ._LLL ] J" J_r-——---...q]qq 1 JJJ_,-HJ i‘qh_‘_l; E _|J T
IVlmiss [GeV] IVlmiss [GeV] o o Iv'miss [GeV] Iv'miss [GeV]
7 7 preliminary
. “'1 ] I b P #F‘ ] g ! t
560 R B l'\ 1 mé é “ E 1 '\
,mci J \'\_ i EOL’,‘: J’ ..... % : 40; } Hbq % zagg ’ ......... I{- -
300; J \ 400: &' 300; y tﬁ\ ; mué i! m}
200} i . L [; \ J 200f ] F ] T ]
1005_... 8y 200: 1 100E /r Tmﬁ'\ E E ; ‘d-' | Th.fh‘lh wlu[
z % LS %, oo h, { o it Y
oF i - n_—-""'] i el ”:"'JJ 1'5‘!7]:':“#@ DZ lljll‘LIHH‘ P
I A I I el I P I N PR N FRATY DENTI FETTU AT ST FETEY BT SETE T P SRR Fro b oo b b b bod
IVlmiss [GeV] IVlmiss [GeV] Iv'miss [GeV] Iv'miss [GeV]

data after SIDIS MC subtraction
——— fit of a Sill function (BW with thr. effects)

exclusive MC (for comparison)

experimental data

—— SIDIS MC (same cuts)

Stefan Diehl, JLU + UConn Opportunities with JLab Energy and Luminosity Upgrade 09/29/2022



Resulting Beam Spin Asymmetries (a:x, integrated)
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Q? - xg Integrated Result

<Q?> = 2.48 GeV?, <X > = 0.27
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Different sources of systematic uncertainty have been studied:
beam polarisation, background subtraction, fiducial volume, extraction method,
acceptance, bin migration, radiative effects

Stefan Diehl, JLU + UConn Opportunities with JLab Energy and Luminosity Upgrade 09/29/2022



Multidimensional Results
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Perspectives for a 24 GeV JLAB upgrade
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Conclusion and Outlook

 Transition GPDs can help us to better understand the 3D structure
of resonances and the exitation process itself.

* Non-diagonal DVCS and hard exclusive m-A** production can be
well measured with CLAS12

» The extracted T A** BSA is a potential first ,clean” observable sensitive
to p-A transition GPDs

» Theory predictions are so far only available for twist-2 transition GPDs

=>» Extension of the framework to the twist-3 sector is in progress

* A JLAB energy and luminosity upgrade will help to significantly
improve these measurements and the extraction of transition GPDs
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