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GPDs and exclusive meson electroproduction

e 4 chiral-even GPDs: H. E, H. E
e 4 chiral-odd GPDs: Hr, Ep, Hy, Er
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GPDs and exclusive meson electroproduction

e 4 chiral-even GPDs: H. E, H. E
e 4 chiral-odd GPDs: Hr, Ep, Hy, Er

Meson | GPD flavor
composition
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) | Y 2Au + Ad
Ly B | 2Au — Ad
ﬁj 2u +d
H, E |0 |u-d
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Link GPDs to PDF and Elastic Form Factors N

PDFs: Form Factors:
in the forward limit
E=t=0: [ dxHI(x,&,t) = Fi(t)
[ dxE9(x,&, t) = F(t)
HY(x,0,0) = g(x) [ dxH(x,&,t) = Ga(t)
HY(x,0,0) = Ag(x) [ dxE9(x, &, t) = Gp(t)

X. Ji, Phys. Rev. Lett. 78, 610 (1997):
S = fXdX [Hq(X,f,O) T Eq(X7§7O)]
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Chiral-odd GPDs >

* Proton anomalous tensor magnetic moment
o = /de%(:c,g,t =

o, = /dwE%(w,E,t =1
* Proton tensor charge
07 = /d:cH%(a?,f,t =l

5%=/dmﬂg(x§t=o

. DenS|ty of transversity polarized quarks in an unpolarlzed proton
in the transverse plane
b, O

6(2,5) = 3 [H (@, B) — 22 Br(z, D)
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Experimental observables for exclusive meson production

lepton
scattering plane M
do
— I'(O? E
Q7 dag dtdp @ rn )
1 [|dor N dor, .
9 - d / € d / production plane
d d
+ € (ZT cos(2P) + \/6(26 + 1) (ZT cos(P)

dO' LT
dt

where A is the helicity state of the incident electron beam

+ A/2¢(1 — ¢)

sin(®) }
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Experimental observables for exclusive meson production

Unpolarized beam and target

S {(1—52)]<H>\2—252Re[<ﬁ>*<é>]—4f,',2€2\<é>\2}

or ~ [a-@uHnP - s |EDF]

ot ~ §&V1-—-¢ —t Re[<HT>*<E>]

2m

t/
16m?

orr  ~ (Er)|?
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Experimental observables for exclusive meson production

Longitudinally polarized beam and longitudinally polarized target

Aoy~ —\fell— ) V=F Im| (Er)™(Fur) + (Hr)*( E)]

Af*oo ~ V1€ | (Hr) |’
A gy~ —ife(l—¢) \/—t’Re[2(ET)*(ﬁeﬁ)—|—(H1-)*( E')]
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Experimental observables for exclusive meson production

Unpolarized beam and transversely polarized target

APy~ —2ey/—t Im[(E)*(Her)| — /=t Im[(Hr)*(E7)]
A PDay  ~ —y[fe(l+ ) Im| ¢/ (Er)*( E) + (Hr)"(Her)]

Aii]n_’(_QqS—qf’s)a.O ~ _\/e(lTe)t'Im[(E'T)*( E)]

AP PGy N e —t'Im[<HT>*<ET>]
Aoy~ el = Re[t! (Er)™( E) + (Hr)" ()]
AZP™P)ay  ~ T= & /=t Re[(Hr)* (Er)]

Ai°TS(2¢_¢S)Go ~ mt’ Re[<ET)*( E)]
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Experimental observables for exclusive meson production
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CLAS data:

Phys.
Phys.

Rev. C63: 065205, 2001 (¢)
Lett. B605: 256-264, 2005 (p°)

Eur. Phys. J. A24: 445-458, 2005 (w)

Phys.

Rev. C78: 025210, 2008 ()

Eur. Phys. J. A39: 5-31, 2009 (p°)

Phys.
Phys.
Phys.
Phys.
Phys.
Phys.
Phys.

Rev. Lett. 109, 112001 (2012) (z°)
Rev. C 95, 035207 (2017) (1)

Rev. C 95, 035206 (2017) (=°)
Rev. C 95, 035202 (2017) (%)
Lett. B 768, 168 (2017) (°)

Lett B. 789, 426 (2019) (1)

Rev. Lett. 125, 182001 (2020) (z*)
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Experimental observables for exclusive meson production
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a°
R. De Masi et al. (CLAS collaboration) PRC77: 042201 (2008)
2
o

7° electroproduction
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Experimental observables for exclusive meson production 2

CLAS data:

Phys. Rev. C63: 065205, 2001 ()
Phys. Lett. B605: 256-264, 2405 (p°)
Eur. Phys. J. A24: 445-458, 2005 (w)
Phys. Rev. C78: 025210, 2008 (¢)
Eur. Phys. J. A39: 5-31, 2009|(p°)

Phys. Rev. C 95, 035202 (2017)|(Jl'+)

Phys. Rev. Lett. 125, 182001 (2020)|(x")
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Pseudoscalar meson electroproduction with CLAS12
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e  active work on cross-section extraction by R. Johnston (MIT)

ep — enm’

S. Diehl et al (UCONN)

[ bin7(Q?=4.2GeV? x, =0.41) I bin8(Q®=3.7 GeV? x, = 0.51) I

bin 9 (Q? = 5.8 GeV? x, = 0.55) |

S| O e s s s AT

=
0 02 04 06 08 1 12

‘WIl‘IlI T T
(@*=2.9 GeV?, x, = 0.26)

3

1
02 04 06 08 1 12

t[GeV?) -t[GeV?

02 04 06 08 1 1.2
t[GeV?

Additionally active work on 7 beam spin asymmetry and cross-section extraction
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GPD insight (in progress)
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e —— H7 is underestimated in GK model
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GPD insight (in progress) 15

Generalized Form Factors

Quark flavor decomposition

i A 14
BT =~ 12 } < Hp >"
T 3 ”i o \T B 10 £ '
(Hr) | (Er)™ | vV g | ;
10 | 10 |- : 6 | .
g L 4 -
H%‘ ' ; ' 2 - g
: + . 0 E T * % i
| 2f |
1 o Il ¢ i u.\i‘ () ITAARI EFARFA IFAITI 4 TS TR ol i Lpig [gses
0 05 1 15 2 0 05 1 15 2 0 02 04 06 08 12 14 16 18 2
-t GeV? -t GeV? -t GeV’
A 70
Im& 60
<HT>7’ (ET>T7 A\ 50 o -
40 < BEr >*
10 | 10 | f 30 | i
+ I 20 *
|-: 1 = .
i m ; g l #
I ¢ i < Ep >¢ i
R o
1 P SEVUIN M AT I T VA 11\1\“ [ T -20: i e bea o Lag vl aq s g T
0 05 1 15 2 0 05 1 15 2 0 02 04 06 08 12 14 16 18 2
-t GeV? -t GeV> -t GeV?
Valery Kubarovsky, arXiv:1601.04367
UCUNN | UNIVERSITYOF
CONNECTICUT

<>,
class



Vector meson production: Spin Density Matrix Elements (SDME)
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do
de dd dO dQ)? dxp dt

_ F(QQ,:I:B,E)%{

WUHL(®, ¢, cos ©) = WY (D, ¢, cos ©) + PbWL(CD, ¢, cos ),

dor
dt

dUL

L lepton
dt } WU+ ( , Qb, COs 6) scattering plane

p° production plane

v - 31 ) eo 6 /R e
W5 (D, ¢, cos®) = 52 2(1 r00)+ (3 1)cos” ® 2Re{riy}{sin 20 cos ¢ ”1 | sin” © cos 2¢
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WE(®, ¢, cos ©) = 8—2[\/1 — €2(v/2Im{rj,} sin 20 sin ¢ + Im{r;_,} sin® O sin 2¢9)
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Vector meson production: Spin Density Matrix Elements (SDME)

do_ 1 dOT dUL lepton
- F 2’ ’ E 9 T + T WU+L (1)7 ) @ Siztterin ane
06 4D 6 407 duy @i~ @ Bl { a < } (®,¢,cos0) e
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Vector meson electroproduction with CLAS12: o and w

i~ i~ 1 [(H)E) + B D] [ ) e 5 epra

ep — eppo —7 €p7l'+7T_ J. Richards et al (UCONN)
ta et al (UCONN)

TO BE TO BE
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FOR RELEASE| |[FOR RELEASE
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Vector meson electroproduction with CLAS12: o and w

i~ i~ 1 [(H)E) + B D] [ ) e 5 epra

ep — eppo —7 €p7l'+7T_ J. Richards et al (UCONN)
N. Trotta et al (UCONN)

J —c—E————

10 BE APPROVED FOR RELEASE NEXT WEEK
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Vector meson electroproduction with CLAS12: ¢

20

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*

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

* active work on J/y cross-section measurements
by J. Newton (JLab)
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Perspectives of JLab energy upgrade 2!

2
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Conclusions 22

e High luminosity and wide kinematic coverage of CLAS spectrometer provide opportunity
for multi-dimensional analysis in a wide kinematic region and allow the extraction of
structure functions and spin density matrix elements from the azimuthal distributions

e The variety of reactions provide opportunity for selective access to different GPDs, as
well as access to valence quark and gluonic GPDs

e CLAS spectrometer combined with 20+ GeV beam upgrade will extend ongoing 12 GeV
measurements of deeply virtual meson productions channels

THANK YOU
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