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Projection for 12 GeV
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JLab12

L

New Hall

L

20 cryomodules

\Adds

cryomodules

Maintain capability to deliver
lower pass beam energies

Enhanced capabilities in existing Halls
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GPDs in DVCS program at JLab12

Sensitivity
to GPDs

Nucleon
polarization

E12-06-114 : (A) proton

U H, s E E12-06-119 : (B) proton
E12-11-003: (B) neutron

L s Hy E | [£12:06-119 : (NH,) (8) proton |

T E, H | E12-11-105 : (HD) (B) proton |

The JLab DVCS program will be carried out in
two experimental Halls: A & B (CLAS12)
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Hall-A DVCS at 12 GeV E12-06-114

L 2 1037 cm?/s
Precision cross sections
*Test factorization e |
*Calibrate Asymmetries

(e,e')X HRS
trigger

16chan VMEGU: ARS

128 samples@1GHz Digital Trigger 132 PbF,
Validation
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Hall-A DVCS at 12 GeV E12-06-114

DVCS measurements in Hall A/JLab I
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Hall-A DVCS at 12 GeV E12-06-114

K=6.6 GeV, @*=3.0 0 GeV?,xy=0.36, 0,=26.5°k'=2.15 GeV,0,,,=—14.5°
Calo 13x16 Blocks at 1.5 meters Lu=0.74X10*® cm™2s™", 60 Hours
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Hall-A DVCS at 12 GeV E12-06-114

K=11 GeV, Q?=9 GeV2,%,=0.6, 0,=30.23"k'=3 GeV,0,,=—11°
Calo 13x16 Blocks at 3 meters Lu=2.97X10*® cm™s™', 400 Hours
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Upgraded apparatus

PCAL

Silicon Tracker

rift Chambers
R1, R2, R3
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Upgraded apparatus

Forward Central
detector detector
Angular range
Tracks 5 — 40° 35 — 125°
Photons 2.5 — 40° n.a.
Resolution
op/p < 1% ©@5 GeV/c | 5% Q@ 1.5 GeV/c
60 <lmr < 10-20 mr
6o < 3mr < 5mr
Photon detection
Energy > 0.15 GeV n.a.
60 4 mr @1 GeV n.a.
Neutron detection
Efficiency < 0.7 under dev.
Particle ID
e/m Full range n.a.
w/p Full range < 1.25 GeV/c
/K Full range < 0.65 GeV/c
K/p < 4 GeV/e <1GeV/c
™= vy Full range n.a.
n— vy Full range n.a.
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CLAS12

Higher energy
Higher luminosity
Better hermeticity
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Exclusive kinematics
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CLAS12

Higher energy
Higher luminosity
Better hermeticity
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Proton BSA DVCS A,y E12-06-009

80 days @ L = 103% cm 25~ with 85% polarized beam ALy < Fi1 H + gGMﬂ - ﬁFZS
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Proton BSA DVCS Ay

E12-06-009

80 days @ L = 10% cm 25~ with 85% polarized beam
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Projections for CLAS12

Statistical uncertainties :
from 1 % (low Q2)
to 10 % (high Q?)

Unprecedented statistics
over the full ¢ range
up to high x = 0.6
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Proton DVCS TSA Ay

E12-06-009

120 days @ £ = 2 x 1035 cm™2s™ ! with 80% polarized NH3

AUL
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Projections for CLAS12

Statistical uncertainties :
from 2 % (low Q?)
to 30 % (high Q2)

Unprecedented statistics
over the full ¢ range
up to high x = 0.6




Proton DVCS TSA Ay

E12-06-009

120 days @ £ = 2 x 1035 cm™2s™ ! with 80% polarized NH3
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Projections for CLAS12

Statistical uncertainties :
from 2 % (low Q?)
to 30 % (high Q2)

Unprecedented statistics
over the full ¢ range
up to high x = 0.6




Proton DVCS TSA Ay, E12-06-009

120 days @ £ = 2 x 1035 cm™2s™ ! with 80% polarized NH3 AyL x F1H + Gy (’H + 1%5) —
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Neutron DVCS setup

For the detection of the scattered electron
and of the DVCS photon: CLASI12 +
Forward Calorimeter

Central

| Tracker

Central
Detector

For the detection of the recoil neutron:
Central Neutron Detector (CND)
Detection efficiency : 7 to 10 %

Acceptance for
charged particles:
« Central (CD), 40°<0<135°

Forward « Forward (FD), 5e<0<40°

Calorimeter
Acceptance for photons:
+ FC 2.50<0< 5

* EC, 5°<0<40°

(HTCC removed
for clarity)

DVCS studies at JLab HUGS 2012
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<p,>~0.4 GeV/c Detected in

31 E oy forward CLAS12 Not detected
o [
2 1 ed—>e’ny(p§v
- P )
F Detected in CND D:‘;“:‘(‘ m

p*. + pt, + p¥, = pre+ pYy F pY, P,

°*l " In the hypothesis of absence of FSI:

02 ) p*, = p*,»— Kinematics are complete
o 0% 50 7‘0e P 103 detecting ¢’, n (p,0,9), Y
(deg
FSI effects will be estimated measuring
More than 80% of the neutrons have 6>40° eny, epy, on deuteron
— Neutron detector in the CD in this same experiment
and compare with free-proton data
Resolution on MM(eny) studied with nDVCS — The CND must ensure:
event generator + electron and photon resolutions « good neutron identification for 0.2<p,<I GeV/c
obtained from CLAS12 FastMC — o(TOF) ~ 150 ps for n/y B—separation
+ design specs for Forward Calorimeter * momentum resolution up to 10%
— dominated by photon resolutions * no stringent requirements for angular resolutions

F.-X. Girod
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» CTOF can also be used for neutron detection

» Central Tracker (SVT+MM): veto for charged particles

* limited space available (~10 cm thickness)

— limited neutron detection efficiency

— no space for light guides upstream

« strong magnetic field (~5 T) — problems for light readout

Three kinds of B-field-resistant photodetectors tested: SIPMs, APDs, MCP-PMs

Final design: scintillator barrel
3 radial layers, 48 bars per layer
coupled two-by-two by “u-turn” lightguides

The light comes out
only at the upstream
side of the CND, goes

through bent light
guides (1.5m)
arriving to ordinary

PMTs, placed in the

low-field region

N \'J N F.-X. Girod
X JLab Hall-B
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Efficiency for different thresholds on deposited energy

0.14
g F veshaids: 15Mev  3hov Efficiency ~ 8-10%
£ r rosholds; 1SMaV 3o
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Q F Trigger
» GEANT4 simulations done for: € as0  Neiohbor PMT : ‘
> efficiency ° t .
» PID (neutron/photon separation) 2000 4 *
> momentum and angular resolutions 1sob-
> definition of reconstruction algorithms r
> background studies 100
* Cosmic-rays measurements on a prototype Eo, . . . o
Measured values of 6(TOF) and light loss 501
due to u-turn implemented in the simulation F

)

ol b b b Lo Lo Do Lo L
1 5 2

Hit position
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Equal n/y yields assumed
n/y misidentification for p, <1 GeV/c
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0<-t<0.2 GeV? < 19 0.2<t<0.5 GeV*
RS
el | I }
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HDice DVCS proposal

, .
% ifll=>D = fH>D

* HD targets condensed, polarized and aged to 40 L Sy transfer 1 gp i transfer 1
the Frozen-Spin state in HDice Lab Y M
*  transferred as solid, polarized HD between 20 + — 20 - T L .1
cryostats S guench 1 r ‘mfmgm
¢ In-Beam Cryostat (IBC) operates in Hall at 505 © 0 - T
mK, 0.9 tesla & [
* gl4 ran from Nov/11 to May/12 with 15mm @ ° T | = 1207 N T
x50mm long HD cells ’ff?{;" [ ‘};751{;”
«  y-beam lifetimes ~ years with 108 y/s 0T . 1
Material | gm/cm? [ mass fraction (%) 1%0 111!0 1%0 1(}50 1;0
HD 0.735 78% gl4 days
Al 0.139 15%
C,CIF3 0.065 %

* HD targets used for eHD tests in Feb/12 and Mar/12

= H polarization does not appear to suffer radiation damage
with 1 n4; D does

=> heat removal needs improvement — faster raster, larger
diameter cell, shorter, additional cooling wires, ...

Girod
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HDice DVCS proposal

5 %
| B
<oa4 wor
0
0.2
0.2 [ (06
B =
o[ et
:%:q&ti
0.2 ,%,;% A m
04 =
-0.6
Il
-0.5 (i} 0.5
Jl‘
&N A F.-X. Girod
@K JLab Hall-B

=
20.5 | m
0.4 s : *HERMES
- A
v
0.3 ; s : " d, 9y
ERR RN | .06 -0
02 || | Somorend Lo
01 * o B NS | Y .06 06
" ‘ & e A OUR 0 -06
VP e e n Bk R
R D e Y
1 LT ibemyg N
-0.2 * 06 06
03 ++++¢"+++
-0.4 ‘
0 02 04 06 038 1 12 14

DVCS studies at JLab

HUGS 2012




HDice

DVCS proposal

proton x=0.25,0%2.0
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Projected impact on GPD extraction methods
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Projected impact on GPD extraction methods
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Projected impact on GPD extraction methods
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Projected impact on GPD extraction methods
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Parton density in a transversly polarized nucleon :

- d2A | E(x,0,t) o XL
x,b1 )= [ ——= |H(x,0,t) — —— 12— | g~ iALbL
pxteBu) = [ G [Hec00 - SO0
is not experimentally accessible
What is directly accessible is the Fourier transform of GPD(x = &, t) :
overlap between active quark initially carrying momentum fraction 2¢ and finally almost 0
(not a probability, relation to density requires specific models/parameterizations)

Momentum space Position space
GPD(x = &, t) are fitted with corresponding to the overlap function
Ny _p2
Pexp _YH_—b*/aBy
Bue 47 By
= H
Hexp(xv t) Nye n Ngby, 5752/435
Eexp(x,t) = NgePE® 167 MBg2
Ny NybMp3
Hyp(x,t) = -3 Pdip = ————Ka(bMpy)
(1 _ ) 4m
My2

Ngby Mg? (Kl(bME) Mg >
- [ —————— — — [Ko(bME) + Ka(bM,
Py b 2 [Ko(bME) + K2(bMEg)]

Edip(x, t) =
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Projection for the Nucleon transverse profile

Model profile Q= 3.75 GeV?
Projected
error band
0.5
0.45
01(10l )1 >
m ) 0.35
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0.6 )7’ X,
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0.2 / 0.2
' * * * b ’ =FT X,E=X,
% 0.2 0.4 0.6 0.8 / (b x;) = FTHxxn]
b (fm)
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Precision tomography in the valence region
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N polarization ——>
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Summary

@ A unified framework for nucleon tomography has been established

The first dedicated results on Compton Scattering suggest precocious handbag dominance

©

Accurate information on Generalized Parton Distributions in the valence region and at
moderate momentum transfer was gathered

The long range plan to extract GPDs has begun

Interplay between spin and flavor decompositions requires also other reactions

JLab 12 GeV will precisely test scaling and carry out the tomography of valence quarks
Future measurements are planned at CERN/Compass and DESY/Panda

The EIC will expand the reach and probe the sea and gluons

Essential for QCD backgrounds at LHC and beyond
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