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GPDs and exclusive meson electroproduction

¢ 4 chiral-even GPDs: H, E, H, E
e 4 chiral-odd GPDs: HT, ET, }N[T, ET
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GPDs and exclusive meson electroproduction

¢ 4 chiral-even GPDs: H, E, H, E
e 4 chiral-odd GPDs: HT, E'T, }N[T, ET

Meson | GPD flavor
composition
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H E |z 2Au + Ad
Hr, Er | g 2Au — Ad
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jl s 1, pt u—d
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Link GPDs to PDF and Form Factors

/" PDFs:

in the forward limit
E=t=0:

H9(x,0,0) = (x)
\Hq x,0,0) = Aq(x)

Form Factors:
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Link GPDs to Tensor charge and Transversity

/f

\_

Proton tensor charge e Proton anomalous tensor magnetic momen\

Op = /d:z:H%(x,f,t =)

5%:/d:chd~(x,f, =

Density of transversely polarized quarks
in an unpolarized proton in the transverse plane
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CLAS12 to map exclusive reactions in a wide kinematic space

m CEBAF Large Acceptance Spectrometer

= High luminosity frontier

m 86 % electron beam longitudinal polarization
m  Unpolarized and polarized fixed targets

m  Comprehensive detection system

m Access to the Q% up to 10 GeV?

~

Overview

Solenoid

Beamline

f-"-.- ,.a’@ \||. .

Forward Detector (FD) fl

Central Detector (CD)

RICH detector

UCONN | connecricor

‘_
A. Kim, August 2023 CIQS



Experimental observables for exclusive meson electroproduction

dio
dQ)? dxp dt dd
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lepton
scattering plane
gp M ~

production plane

cos(2®) + \/e(2¢ + 1)

sin(P) }

dopr
dt

where A is the helicity state of the incident electron beam

cos(P)
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Access to GPDs
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Unpolarized beam and target

within GK formalism
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Access to GPDs
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Transversity in hard exclusive electroproduction of pseudoscalar

mesons
S.V. Goloskokov!* and P. Kroll**!

Longitudinally polarized beam and longitudinally polarized target

Ai’Z(¢)UO U

A(i_(;_nSt o0 e

AioLS(qb) g0~

—\/e(t— &) V=t Im| (Er)*(Her) + (H7)*( E)]

V1—e€ | (Hr) |?
— el =)/ =t Re[2<ér>*<ﬁeff> ) f)]

within GK formalism

UCONN | connzcricur

A. Kim, August 2023

<>
class



Measurements of exclusive meson production with CLAS

CLAS data:

Phys. Rev. C63: 065205, 2001 (¢)
Phys. Lett. B605: 256-264, 2005 (p°) s I
Eur. Phys. J. A24: 445-458, 2005 (w) :
Phys. Rev. C78: 025210, 2008 (¢)
Eur. Phys. J. A39: 5-31, 2009 (p°) < ° I
Phys. Rev. Lett. 109, 112001 (2012) (z°) < ¢
Phys. Rev. C 95, 035207 (2017) (1) o 48§
Phys. Rev. C 95, 035206 (2017) (z°)
Phys. Rev. C 95, 035202 (2017) (z*) 2 |
Phys. Lett. B 768, 168 (2017) (z°)

Phys. Lett B. 789, 426 (2019) (1)
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Measurements of exclusive meson production with CLAS 2

n° electroproduction 7] electroproduction
CLAS data: - TE wh BT e
Phys. Rev. C63: 065205, 2001 (o) I NINE
Phys. Lett. B605: 256-264, 2005 (p°) N_ A D B o .
Eur. Phys. J. A24: 445-458, 2005 (w) S Y .o e
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Phys. Rev. C 95, 035207 (2017) (n) SEET R e e
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R. De Masi et al. (CLAS collaboration) PRC77: 042201 (2008) B. Zhao, A. Kim et al. (CLAS) submitted to PLB, 2018 {Q*)=1.94 GeV?; (z5)=0.25 (Q*)=2.83 GeV?; (z5)=0.40
2
o 04 SEF 5. 4559 0.4

Phys . ReV. C 95, 0352 02 (201 7) (Jt+) 7’ Beam Spin Asymmetries 1 Beam Spin Asymmetries % Targ:f z:: gzllj.b(lgLipSi?PALg\;rg;izgis73 (2017)
EO.
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Measurements of exclusive meson production with CLAS
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CLAS data:

Phys. Rev. C63: 065205, 2001 (o)
Phys. Lett. B605: 256-264, 2005 (p°)
Eur. Phys. J. A24: 445-458, 2005 (w)
Phys. Rev. C78: 025210, 2008 (o)
Eur. Phys. J. A39: 5-31, 2009 (p°)

Phys. Rev. C 95, 035202 (2017) (=)
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Pseudoscalar meson electroproduction with CLAS12 1

- ep — enm’ S. Diehl et al. (UCONN)

o 035 = T T T T T I____ T T T T T I____
° E bin7 (Q°=4.2GeV? x, =0.41) I bin 8 (Q°=3.7 GeV? x,=051) I
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o =€\ 1 — §2%x
x Im [(Hp)*(E)
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005 submitted to PLB
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e active work on cross-section extraction by R. Johnston (MIT) [GeV?] t[GeVd] [GeVY]
e active work on n beam spin asymmetry and Phys. Rev. Lett. 125, 182001 - Published 28 October 2020
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GPD insight (in progress)
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Unpolarized cross section H7 is underestimated in GK model
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GPD insight (in progress)
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Generalized Form Factors
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Vector meson production to access Spin Density Matrix Elements (SDME) "

lepton

do dO’T dO’L } WU+L( : Qb, COS @> scattering plane

[(Q% . B)5= g oL e
dé dd dO dQ? drp dt B> dt | dt

WYL (@, ¢, cos ©) = WY (@, ¢, cos ©) + PbWL<<I>,¢,cos ), e, O wA e

3 11
WY (@, ¢, cos ©) = —8—2[5(1 ”00)+ (3 4 1)cos’ ® — «/_Re{r }€1n2()cos¢—r sin2(~)cos2¢ ‘/ N /n_
T

—er” sin® © + g cos> © — \/ERe{rllo} sin 20 cos ¢ — r|_, sin® O cos 2¢)
—¢[sin 2@} v/2Im{r})} sin 20 sin ¢ + Im{r{_, } sin’ O sin 2¢))
+\/26(l + 6)|cos <I>|r151 sin> © + ’”80 cos® © — «/ERe{rfO} sin 20 cos ¢ — rf_l sin® © cos 2¢)

+v/2€(1 + €)[sin @ (v2Im{rfy} sin 20 sin ¢ + Im{r{_,} sin> O sin 2¢)] ,

3
WE(®, ¢, cos ©) = 8—2[\/1 — €2(v/2Im{rj,} sin 20 sin ¢ + Im{r;_,} sin® O sin 2¢9)
T

+v/2e(1 — €| cos P|(v/2Im{r/y} sin 20 sin ¢ + Im{r{_,} sin® O sin 2¢)
—+—\/26(] —€ I sin d)lr?l sin® © + rgo cos? © — «/§Re{rf0} sin 20 cos ¢ — rf_l sin® © cos 2¢)]
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Vector meson production to access Spin Density Matrix Elements (SDME) 0

Terms that are cancelled
after integration over decay plane ¢ lepton Tﬁ

scattering plane

Terms that become constant
after integration over decay plane 6

—

0 decay plane

WUHE(@, ¢, cos ©) = WY (D, ¢, cos ©) + PLWH(D, ¢, cos ©), f production plane o n%

3 1 0 1 04 2 z
WY (@, ¢, cos ©) = 877[5(1 = o) + 5 Brgp — 1) €08 © -y HRetr s Hrcos gy sy s G 2 N /n_

—efcos 2d>kr111 sin® ® + r&o cos? O|—=-FPH2ctrlrsnr 249t oo p s e oA -
—e-sir 2P b 2har{vqp iRk shr 6 - dirdr - 1§ siR= LD-sinr2d)- -
++v/2€(1 4 €)lcos <I>||r151 sin” © + ’”80 COS? @~/ 242 et sitr 263 e m 7 - ek e T

WE(®, ¢, cos ©) = a7 [V i=- e 2Amirig)sitr 26 sinp~t-hriry=ysin~6 sin 26y

+v/2€(1 — €)lsin @ r?l sin” © + rgo cos? O|— ~/2Retr bl sir 26 cos d— 5 -1 -sin- eos 291 -
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Vector meson production to access Spin Density Matrix Elements (SDME) 1

lepton

do dO’T dO’L } WU+L( : (b, COS @> scattering plane

[(Q% . B)5= g oL e
dé dd dO dQ? drp dt B dt o dt

WU+L(CD, b, cos ©) = wvY (®, ¢, cos ®) + PbWL(CD, ¢, cos®), o° production plane x q) J'E% 0

3071 '
WY (@, ¢,cos®) = 8—2[5(1 ”00) + - (3 - 1)cos2(~) — «/_Re{r J1sin 20 cos ¢ — r?fl sin’ ® cos2¢ /' N /n_
T

—€ s 2d(r|, sin®> O —I—cos2 ® — v2Refr|y)|sin 2@ cos ¢ — r|_, sin® O cos 2¢)
—e5in 2@ (v2Im{riy}|sin 20 sin ¢ + Im{r?_,} sin” O sin 2¢)
++/2€(1 + €) cos <I>(r151 sin’> © —|—cos2 e — «/ERe{rfO} sin2® cos ¢ — rf_l sin® © cos 2¢)

+v/2¢(1 4 €) sin & (v/2Im{rdy} sin 20 sin ¢ + Im{r®_,} sin® O sin 2¢)],

3
WE(®, ¢, cos ©) = 8—2[\/1 — €2(v/2Im{rj,} sin 20 sin ¢ + Im{r;_,} sin® O sin 2¢9)
T

+v/2€(1 — €) cos D (v/2Im{r]y} sin 20 sin ¢ 4+ Im{r{_,} sin® O sin 2¢)
++/2€(1 — €) sin <I>(r§1 sin®> © +cos2 e — «/§Re{r§0} sin 20 cos ¢ — ”?—1 sin® © cos 2¢)]
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From SDME to GPDs 20

do 1 (dor doy,
06 06 d0 A7 duy di ~ @ om By {dt T

} WUHL(D, ¢, cos ©)

After simplifications from Eur. Phys. J. C (2014):

=. 2
rlooo ~ | Ex|

roooo ~Re [(Er)(H) + (Hr)(E) op 1 0
o _ 2 R
frgoao ~Im |[(E7)(H) + (Hr)(E) o €]l — 7“061
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Vector meson electroproduction with CLAS12: ep — eppo — 67T+7T_(P) 2!

* mo\ ok | parameter | PDG value |
oL ~ Tog ™ Im [<HT> <E> + <ET> <H>] 20 mass M, (MeV) ~ 770
hmrho p” width I', (MeV) ~ 150
C p+f2+background : 7| fo mass My, (MeV) ~ 980
30000 - i &p, @ Enties 924221 || ' idth Iy, (MeV) | 40-100
I L J ClQS“ Mean 0.8888 || 1, mass My, (MeV) |~ 1275
2 Preliminary | Std Dev 0.3263 | | f, width Iy, (MeV) ~ 185
25000~ | [ x? / ndf 2871/ 167
o o J: pAMp 4834 +28.4
... Sackqround P " p Mean 07633+00002 |
20000 |- p Width 0.1284 + 0.0008 —r— = BW j0(M7r)
- f,(980) LZ /?)mp 618.3+10.2 ”
_ g 9.037 £ 0.030
15000 |— bg 1 1.324 +0.043 + BWy,(Max)
u f(1270)| bg 2 ~1.602 0.015
- bg n 0.5123 +0.0066 + BW, (M)
10000 — f0 Amp 400.2 +£10.3
- A f0 Mean 0.9007 +0.0018 + BG arcus(Myx)
- % fO Width 0.08 +0.00
5000 —
% 0.5 1 15 2
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Vector meson electroproduction with CLAS12
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Access gluonic GPDs:

e ¢ (s5) - low | — t| measurements
where GPDs are relevant

e J/1 (cc) - measure the t-dependence
of the differential cross section of
J /1 photoproduction*

e  active work on ¢ cross-section measurements
by P. Moran (MIT)

e active work on J/y cross-section measurements
by J. Newton (JLab)

ep — epp — epK K~

1000
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400
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Invariant Mass of Charged Kaons from epK'K'

~ PRELIMINARY

Number of Phi Events: 2992 + 142
u=1.0198 GeV +£0.13 MeV
0=433+0.15MeV

FWHM = 10.21 MeV
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analysis by B. Clary (UCONN)
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Conclusion 23

e The exclusive meson electroproduction program at CLAS and
CLAS12 has produced important measurements which are already
improving our knowledge of Generalized Parton Distributions.

e Stay tuned for the new measurements of

pseudoscalar and vector exclusive meson production channels
from CLAS12 data.

THANK YOU
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