CLAS12 First Physics Run: Jan 11-May 7 2018
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* 0.3% of data analyzed.

e Calibrations in continuous
progress

- * More data in Fall 2018
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DVCSS Kinematic_Coverage

Kinematics
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QCD Factorization of Deep Virtual Meson Production
(DVMP): GPDs ® Meson Distribution Amplitudes (DA)

’
A P -
y* B JPAGD) DA(2)
Aul
C( X+ & 7 ﬁ E
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B e oPD(x, & T-AZ)

Gluon and quark GPDs enter to same
order in as. x+& Y __NX-¢
SCHC: o~ [Q?3]3 o~ [Q]4 T —= —_—
Spin/Flavor selectivity
[Gluon GPDs in

Diffractive channels only]

18 June 2018 GPDs: JLab=>EIC, C.Hyde »
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Pseudo-Scalars

 JLab Hall A: Cross section separation:

e Longitudinally (Coulomb) and transversely polarized virtual
photons H(e,e’ m°)p and D(e,e’ m°)pn
* 0; >>0, (naive factorization predicted o, >> o07)
* JLab CLAS: o;+ €0, forH(ee’ p 7°), H(e,e’pn)

* 0;+ €0, >> 0 [naive collinear factorization].

* Helicity flip meson DA enhanced by ySB = coupling to
nucleon transversity GPD: (7(¢') [0t 1| 0) ® Hr
e S. Goloskokov, P. Kroll, Eur. Phys. J. A47, 112 (2011).
 S. Ahmad, G. R. Goldstein, and S. Liuti, Phys. Rev. D 79, 054014 (2009). ‘

18 June 2018 GPDs: JLab-.>EIC, C.Hyde
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VIP: 10 n @ 6 GeV

M.Defurne et af [Hall A] PRL 117 (2016) ‘ |.Bedlinskiy et al [CLAS] PRC 95 (2017)
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[Flavor ® Spin]-Structure Separation

L. A |
e Hall A: D(e,e’7z°)pn—H(e,e’7%)p Hall A

* M.Mazouz et al PRL 118 (2017) Q*=1.75 GeV?
xg = 0.36
* CLAS: H(e,e’7%)p = H(e,e’'n)p B
* |. Bedlinskiy PRC 95 (2017) hError bo;_es?re
e V. Kubarovsky SPIN2014 phase ambigHigg
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Vector mesons

* @: JLab12 kinematics, predictions: % w
* Gluon GPDs + <20% gluon®strange LTI
: : T :
* J/Psi: seen in Hall D. I
e Threshold production = large -t . e |
* CLAS12 search for LHCb J/Y®p states | ccal)
o pl ¢ e 1 | ZEUS |
* Slow approach to longitudinal o K .}' by
dominance in HERA p data ! f
* Unexplained enhancement in p- Jﬁ E;:gg%gz;%
production at low W?in CLAS data. | & " B " |
* Helicity violating amplitudes =» 04 __eR __ edoy oMy
Transversity GPDs d la pseudo-scalars? O "14eR  dop+edo;

e w: strong violation of SCHC @ CLAS

18 June 2018 GPDs: JLab>EIC, C.Hyde
.



Deep p, Deep ¢

S. Goloskokov, P. Kroll EPJC 50 (2007) 829

ep 9ep¢

Leadlng
., Order

o (Yp->pp) [nb]

? Sudakov
't suppression

[ i
: g = ’ A A B 0 | | = 1
4 6810 20 4060 100 106 810 20 40 60 100 4 6 810 20 40
W[GeV] W[GeV]

Q” [Gev’]
Q2 = 4 GeV? E665 (A), HERMES (o), CORNELL (a)
ZEUS (D), H1 (m), CLAS (o)

Vector and pseudo-scalar mesons show evidence for Hard/Soft separation =»
[nucleon structure] @ [finite transverse size y" > meson amplitude].
Strong corrections, new amplitudes for Q2 < 10 GeV-.

®

18 June 2018 GPDs: JLab-‘>EIC, C.Hyde




Exclusive ¢: CLAS12 experiment 4

CLAS 4/6 GeV exclusive ¢ data

107 — — e t—dependence of 6 GeV ¢ data consistent
Lukashin 01, (W) =2.3 GeV,{Q")=1.3 GeV * . . . . .
_ Saoro 05 () =256V, (@) =25 G? . with gluonic radius measured at high energies
> + fpole: =0 Extrapolation of HERA, FNAL J /4 results
O
: o He -
: +++ b‘ﬂx EnE e CLAS12: Test reaction mechanism
& ol S and harden GPD-based description
S e AL spenente When does t-slope become independent of Q??
10 o 03 . s 5 How does WW—-dependence change with Q27
foin -1 [GeV?]
L /T ratio from vector meson decay
i and s—channel helicity conservation
a 107
E . o W=253GeV Q’=2-4 GeV’
= o W=25-3GeV Q> =4-6 GeV*
It —— o W=253GeV Q=68 GeV?
I e CLAS12: Extract t—dependence of
. .. CLAs12 gluon GPD at x = 0.2 - 0.5
I projections
10 - - . .
; . —— Obtained from relative t—dependence of do /dt
1 —— 4.7 B . - -
i . First accurate gluonic image
N N R R T of nucleon at large z!
t . -t €
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Proton rms size vs x,

= ZEUS <Q*> =3.2GeV?
v HI-HERAT <Q’> =4GeV>
« HI-HERATI <Q’> =8GeV® + ¢ o o

with ECAL1+2

« COMPASS <Q*> =2GeV*
280 days at 160 GeV
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What about the Ji Sum-Rule?

4

* limyso [Xdx[HAX,Et)+EAx,Et)] = 2 J;
» Skewing effects, Extracting E ?
* u,d flavor separations from proton, neutron
 EM dominates unpolarized n(e,e’y)n=>»CLAS12 RG-B

 ElP)requires transversely polarized targets
e HD,, for CLAS12

ice

* NH,, 3He with SOLiD or TCS?
* Glue from Deep ¢ at JLab12 and Deep ¢ & J/i at EIC

e ~“50% of momentum sum rule comes from gluons
* ~50% of gluon momentum is at x, >0.1
* Important role for JLab12!

18 June 2018 GPDs: JLab-.>EIC, C.Hyde
.



Constraints on Ji Sum Rule

* H{x,0,t) valence essentially known from fits to
Fid=t)®qdx) ... Diehl(2013), Ahmad (2007)
* Measure H¢(x,x,t) = Determines DD Profile function
* Calibrate “skewing effect”

* E{x,0,t) constrained from F,{-t) and assumption e{x)
does not change sign.
e Test this assumption
e x=0.1 COMPASS © x=0.4 JLab12 @ Lattice QCD @ ...

* Transverse polarization data + Theory + Models =
Tight constraint on g — q contribution to Ji Sum Rule =
from JLab 12 GeV era.

* Need the EIC to constrain the sea & gluons

18 June 2018 GPDs: JLa—.>EIC, C.Hyde




Conclusions

e Spatial Imaging is possible (in 1+2 dimensions)

* New experimental and theoretical tools are helping us
to understand how QCD generates

* The mass of ordinary matter (98%)

* The spin of the hadrons: proton, neutron, vector mesons...
e proton spin ~25% from spin of quarks
* How much is gluons? How much is Orbital Angular Momentum.

e Spatial distribution of charge and matter in hadrons.
(non-trivial flavor, momentum-fraction dependence) ‘

e Nuclear Binding (Lecture 3)

 Why is the deuteron (np) bound but nn not?
* Why are “He, °He(p~ 1sec), 8He(pB~ 0.1sec) bound, but not °He ?

APCTP-2018 C. Hyde - Lecture 1
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GPDs at JLab: Future

Upgrades

(Mostly motivated by non-GPD topics)
e RICH Detector (partial) in CLAS 12:

/K id
* INFN participation

* Solenoidal Large Intensity Detector
(SoLID) in Hall A (CLEO Solenoid)

* TCS, J/¥Y
* Chinese participation

* Super BigBite Spectrometer

e Dipole from BNL
* Funded, under construction
e GEM trackers for high rates

APCTP-2018

C. Hyde — Lecture
.
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o B e p-DVCS simulation
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-Deuteron

Il w

* EO03-106:

* D(ee'y)X=
d(e,e’y)d+n(e,e’y)n+p(e,e’y)p

* Sensitivity to E,(&,Et) in B _‘**"
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C === This experiment
4 :_ Cano & Pire calculation [34]
5°F -
E? 0 ; 4 I " S ‘*a - I
e E08-025 (5.5 GeV- 2010) 2E
. | -4 P T N N B AR
* Reduce the systematic errors r 3 :
. 25_ =——p=—= This experiment
* Expanded PbF, calorimeter for m° | £ heutron 08
subtraction 2. oF '!ikiL 3,20.3
SE -
* Separate the Re[DVCS*BH] and L [ 108
DVCS[? terms on the neutron via two 3 VGG caloulation [37]
. 4
05 045 04 035 08 025 02 015

APCTP-2018 C. Hyde — Lecture
-

t(GeV?)



RMES-Tra nsverseivrbalarizad

Dlzf]%r n*tlalrl}‘{}s{engSSA

Xz, Q°, or t, integrated over
other 2 variables.

* sing moments ’
* Sensitiveto E(S,6, 60— > <

* Sin2¢ moments =0

sin(0+6_)
Aty s

/

sm<|>
Aur, P

= Twist 3

* sin3¢p moments
=Gluon Transversity

sin(20-0_)
Agr s

sin(3¢0-0¢_)
Ayt s

A SIN(20+0_)
Ayr) s

APCTP-2018




actor F,(Q?):

ourier transform of the charge dlstrlbutlon of the nucl
O I

e momentum axis (M. Burkardt)

P—q/2

F@D 0%~ FD(0?)
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