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eV Upgrade Complete!

* Simultaneous 4-Hall Operation
* Full Linac design power = 300pAe2GV = 600 KWatt
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* Fully exclusive final states
cep—2epy, ep =2 e Nmeson
« ed—> epny, etc.

* Nuclei
ced—2>edy
* e*He—2e*He y
e Polarized electrons,
longitudinally polarized p, d

—>

* Transverse polarized targets:
e HD._. in CLAS12

Ice
* (test beam studies in
preparation)

e 3He with SOLID (Hall A),
* NH;, ND; with TCS (Hall C)
* Time-like Compton Scattering
(TCS)
cyp2>1*Ilp
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Studying matter as it is illuminated by a light-front

e DIS: H(ee’)X

* Longitudinal (light-cone) Momentum
distributions

e Elastic Electro-Weak Form Factors:
H(e,e’)p...

* Fourier Transform of spatial impact-parameter
distributions

e 2-D formalism fully compatible with Q.M. and
Relativity

* Generalized Parton Distributions
Deeply Virtual Exclusive Scattering
« eN>eNy, eN=>eN(x, p, ¢), etc

* Correlations of longitudinal momentum
fraction with transverse spatial position
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epepy

-
o 5
P / D - A
= < >

- Bethe-Heitler (BH) y,

Y e o
e BH-VCS interference =

* Access to VCS amplitude, linear in GPDs
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epepy

—_—
P+A/2 P A/Z
(x+E)P/ \(x-&)P + ‘_____ (x+E)P* (x=&)P+
/
(1+6)P" '71’?,} per/2 1 oA f
GPD+(x, £ =A%) GPDe(x, & 1=1%) GPDy(x, & ,1=A%)
5o ~(q+q)° _ Xp

* Symmetrized Bjorken variable:

2g+q)-P A<<0® 2-xp

* SCHC: Transversely polarized virtual photons dominate to O(1/Q)
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e K.Jo, et al. [CLAS], PRL
115 (2015)
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Im[H(x,t)] ~ ebXt

=¥ b decreases as x; increases
=» Proton is shrinking!
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“He target
@6atm*-

M.Hattawy et al., PRL 119 (2017)

Ox(mm)
b0 pO 60 5

He @1 atm, /o Sathode

e Radial TPC for recoil a
250mm z ® 160 mm ¢ S

* Only one GPD: H(x,¢,t) o

<--3% GEM (66mm) v,
+.-2-2" GEM (63mm) Aluminized mylar
-1 GEM (60mm) =

Compton Form Factor H(&t) : :
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LU(¢) P) +ar(P)R(Hy) + a3 ()[R (Ha)> +I(Ha)?] R S e
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4 hours @ 10.6 GeV
Candidate Exclusive events H(e,e’p...)

Q2

Q2 vs xB for H(e,e'p)X
- ——g 1000

10

1.0
xB
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| World data model fit result |

| CLAS12 predicted error band |

o
o
=

Repulsion in the core
valence quarks
0.005

Integral vanishes:
Nucleon stability

Pressure r2p(r) (GeV fm!

~0.005/ ttraction in the peripher
r pion cloud
0 02 04 06 08 1 12 14 16 18 2
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- = Fit(HEHRE) ,

— Fit (H.FI)O-M

xg =0.36, Q?=1.5, 1.75, 2.0 GeV?
M.Defurne et al., “A Glimpse of Gluons”,
Nat. Comm.8 (2017)

4+ Q%2=1.75
4 E.=4.455 (left), 5.55 (right)
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[Using V. Braun et al, PRD 89, 074022 (2014)]

H(ZL’ ) 67 t)a ]ﬁ[(iv, § ’ t) q (+) q'(fi--'f@jb q(+-) q'(+gﬁ.ﬁ“"‘
®LO/LT + Twist-3 + i ol
Kinematic Twist-4 }} ‘

@LO+ NLO (gluon
transvers ItY) + q f” q (+) q (+-) g (+)

Kinematic Twist-4 } ’ L T ]




Q?=1.5, 1.75, 2.0 GeV? & Ee = 4.45, 5.55 GeV
Displayed at Q% = 1.75 for -t = 0.030 GeV/?

. - = Fit LT/LO
N — Fit HT
— KM15

== N
® (deg) ® (deg)

Identical fit (blue®) for either: Twist-3 or NLO (gluon) scenarios.
Both fits have Kinematic Twist-4 contribution constrained from Twist-2
component of fit



-t = 0.030 GeV? (of three t-bins):
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Model dependence, but full
measurement of interference:
amplitude & phase
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, X3=0.36

Preliminary results:
Mongi Dlamini (Ohio U.)
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Jr

PeAZ GPD(x, E +=A2) P-A/2

Gluon and quark GPDs enter to same
order in os.

SCHC: o~ [Q%]° o [Q
Spin/Flavor selectivity

[Gluon GPDs in
Diffractive channels only]
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e JLab Hall A
* L/T separation for H(e,e’ m°)p and D(e,e’ m°)pn
* 0;>>0,

e JLab CLAS
* o;+€eo forH(ee’ p 7°), H(e,e’ p n)

* 07+ € 0, >> naive colinear factorization.

e Twist-3 helicity flip meson Distribution Amplitude
enhanced by ySB = coupling to nucleon
transversity GPD: (n(¢') [0 9| 0) @ Hr

» S. Goloskokov, P. Kroll, Eur. Phys. J. A 47,112 (2011).

* S. Ahmad, G. R. Goldstein, and S. Liuti, Phys. Rev. D 79, 054014
(2009).
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M.Defurne et al [Hall A] PRL 117 (2016)
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|.Bedlinskiy et al [CLAS] PRC 95 (2017)
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S. Liuti, Phys. Rev. D 84, 034007 (2011).
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or |
* Hall A: D(e,e’7%)pn—H(e,e’7°)p, Hall A L 1
« M.Mazouz et al PRL 118 (2017) Q*=1.75 GeV? = ¢ ; % LU
x5 =036 o
* CLAS: H(e,e’7%)p + H(e,e’n)p ’ o —=
+ 1. Bedlinskiy PRC 95 (2017) Error boxes are - o S S S]= =
. haseambaaty o T
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* ¢: JLab12 kinematics:
e Expect Gluon GPDs + £20% gluon®strange

* J/Psi: seen in Hall D.

* Threshold production = large —t, . .
* CLAS12 search for LHCb J/y®p resonances

*p,w
* Slow approach to longitudinal

04
oo

0.8

e dominance in HERA data ol

0.4

* Unexplained enhancement in p-

production at low W?in CLAS data. I

 Helicity violating amplitudes =
Transversity GPDs a la pseudo-scalars?

e w: strong violation of SCHC
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* Calculations of S. Goloskokov, P. Kroll EPJC 50 (2007) 829
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o limy o [xdX[HAX,Et)+EAx,E )] = 2 )
» Skewing effects, Extracting E ?
* u,d flavor separations from proton, neutron
 E(M dominates unpolarized n(e,e’y)n

« ElP requires transversely polarized targets
* HD,, for CLAS12
* NH;, 3He with SOLID or TCS?
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GPDs : -

vy v 225
s |t] F{* [Gev?] v {i t] FE Gev?

0.15

M.Diehl, ... EPJC 73 (2013) ¥ K

Hy(x,0,4°) = qs(x)exp[4° Bif(x)]
E f(x, 0’ AZ) =e f(X) exp [ AZ B 5 f(x)] Y0 o5 Lo \,-——:L%‘.-.-\‘f“ 25 30 Yo s 10 VTLL,;;MQ.::l 25 aD
* gfx): ABM2011 0% —
) =N (1 (1) T
* Bu(x) =0y’ (1-x)°log(1/x) + Anrx(1-x)* ** . 02
+ an (] —)C)3 u . . 01
* Fit: l 1] 0.5 .0 3 2 ‘2.5;‘::‘3.12 e 0.5 Lo 5 20 ’7::‘(’5 .0
I dx Hpx,0,4 2) = Fiq—4 2) vt (G VT [GeV
Jdx Efx,0,42) = Fo(-4?)
% Compton Form Factors:  &=xi/(2—xs))

Im[#(§,4°)] = n[H{§, § 4°)— Hi(=€, & A7)]

0.05 NV
0

etm[H,(5.47)] = [ dB[q,B)+ 7, (B[], "

a=1-8/§

% Prafile fiinctiane iy R) arhitra vrmmetric in o R h(a,f) = N,- '
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* H{x,0,t) essentially known from fits to F,{—t)®qx)
* Measure H¢(x,x,t) = Determines DD Profile function
* JLab 12=» higher x, Q° range

* E{x,0,t) constrained from F,{-t) and assumption
e{x) does not change sign.

* Test this assumption
* x=0.1 COMPASS 2020
« x=0.4 Jlab12
* Lattice QCD

* My prediction: In 10 years, we will be confident in
value of J,
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* L. Morand [CLAS] EPJ A 24, (2005) 445.

* 1 =052>0;~0,
° r;_"=-0.2 > SEHE
* VDo
* YD
* VHH) 2 w(F)

Q*(GeV?
——

@
ZEUS

- N
HERMES
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P ©
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Xg

Fig. 18. (Color online) rf; extracted with the method of mo-
ments for 8 bins in (Q?, xg) and for ¥ < 0.5 GeV?. The
location and size of each graph correspond to the (QQ, ZB)
range over which the data is integrated, but the scale is the
same on all graphs. The abscissa on each graph corresponds
to the following list of matrix elements: 705, Rerls, r9%4, rdo,
T'%ly Rer%o, 7'%—1, Imr%o, Imr%—ly 7"807 71%17 Reri)o, T%—h ImT?o,
Imr$_;. The filled symbols (red online) indicate those ma-
trix elements which are zero if SCHC applies. The 16th entry
(empty circle, blue online, in some cases off scale) is the com-
bination of rf; given by eq. (11). Error bars include systematic
uncertainties added in quadrature.
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80 days on H, target at ~10% /cm?/s
* DVCS/Vector Meson production/ TCS with low-Q? tagger concurrent

120 days on Longitudinally Polarized NH; target
* Total Luminosity 103> /cm?/s, dilution factor ~1/10

90 days: D(e,e’yn)ps

“He(e,e’ ya) with upgraded BoNUS detector
* GEM based radial TPC for recoil a.-detection

Ambitions/options for Transversely polarized targets
* NH; target has 5T transverse field
* need to shield detectors from “sheet of flame”
* Reduce (Luminosity)e(Acceptance) by factor of 10 (my guess)
* HD-ice target: Transversely polarized H
e 110 Days approved
* Luminositye(polarization)? not yet known
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ep —s epy

E.=11GeV

sing

Ao,y ~ sing {FyH + E(Fy+F,)H +kF,E}d¢
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e p— epy

Aoy, ~ sing {F,H+E(F,+F,)(H +E/(1+E)E)}do
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I Exclusive ¢: CLAS12 experiment 4

CLAS 4/6 GeV exclusive ¢ data
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Time-Like Compton Scattering

do' 2 2
5 = |BH|" + + |TCS|
dQ “dtd(cosB)d g

e Lepton Charge Conjugation:
 |TCS|? |BH|? even
* Interference term is odd:
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* Threshold region poorly measured

* CLAS 12:

e Full t-
distrbution

* fine bins in g
s at threshold

e SoLID, I

* Electro- e
production il I
* Polarized 't 4
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Kinematicss

* Multiple Energy
settings at key
(x5, Q°) settings.

* Expanded reach in
Xz and Q°.

* Beam time
adjusted for
=equal
statistics
in each bin

Inaccessible
with E, <11 GeV
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do/dQ?dxdtdo (pb/GeV*)

(do*do’)/dQ?dxdtd¢ (pb/GeV*)

Projections

DVCS

DVCS: Energy separation setting (Q* = 3.4 GeV2, 5 = 0.5)
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Projections DVCS

DVCS: high-Q?% and low-z 5 extension
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