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Longitudinal

momenam ./ e Multi-dimensional mapping
3H of the nucleon
Impact L
parameter
Elastic
DVCS Scattering

m,ﬁ,kf_,i;l -&L,t

A complete picture of
nucleon structure requires
the measurement of all these
distributions




Flavor decomposition of parton distributions

* Proton and neutron have different flavor compositions — observables on these two target types
are linked to different mixtures of quark structure functions

2 2
A" (x)= Ze‘ AG (X’Q ) Virtual-photon asymmetry from DIS

B Zeizch (X’Qz)

AZ (x) 4Au, (x)—Ad, (x)

AT (x) = Au, (x)+Ad, (X)|  sipIS pion asymmetry
4u,, (x)—d, (x) u, (x)—d, (x) (integrated over k)

K* Akl L@/2)urK* 1d g L@/2)d/K* 1S g L@/2)s/k*
O-KM(p)_4 L H; +hy H; +h " H;

' (n) = 4htd HAW2WIKT | plupg LA2)d7KT | pds g L/2)s/K? SIDIS Ay *"¢ for K
Ty (N)=4h"H; +h,"H; +h*H;

4 1 1 A Compton form
Ho(&t)= -9, (E )+ =91, (Et) 9,(51) =291, (5 )+ -, (& 1) factors
J 9 9 9 from DVCS

 Experiments on proton and deuterium targets must be performed to extract the flavor

dependence of the various kinds of parton distributions
 Longitudinally polarized observables: nuclear targets, such as NH; and ND; are used



ND, experiments with CLAS12: history

« E12-06-109 (Polarized DIS): 30 days on NH; (+overhead), 50 days on ND; (+overhead) (run group C)
« E12-06-119b (DVCS on longitudinally polarized protons): 120 days on NH5 (run group C)
« E12-07-107 (SIDIS with long. pol. target), E12-09-007b, E12-09-009 (K-SIDIS with long. pol. target)

— beam time for ND; ~40% of that for NH,
ND; typically has Y2 the polarization of NH; (~40% vs. 80%0)

PR12-15-004 (« Deeply virtual Compton scattering on a longitudinally polarized deuterium target »),
requesting 100 days + overhead on ND; was conditionally approved (C2) by PAC 43

“...To obtain full approval, the collaboration needs to fulfill two conditions. One would be the submission of a Run Group
proposal, connected to RG-C, that has been fully vetted according to standard procedures in the CLAS12 collaboration. The
second would be the submission of a new proposal, defining a new run group, for the extended running time, optimized for
this measurement (for example with increased neutron detection efficiency), and possibly incorporating other experiments.
The PAC encourages the collaboration to consider the opportunities, and looks forward to understanding the full physics
potential of a new run group. ”

v PR12-06-109a, polarized nDVCS using the existing 50 days of Run group Cb; submitted to
PAC44, after CLAS review and approval

v C12-15-004: New Run Group M: three experiments, inclusion of FT to optimize nDVCS
6



Proposed CLAS12 Run group (M)

Production data taking at 103cm2st on ND; (10 nA) 50 days

Production data taking at 0.5-10%°cm2ston ND; (5 nA) 10 days — with Forward Tagger

Target work 4 days

Production data taking on C,, target 5 days
Moeller polarimeter runs 1 day
Configuration change 3 days
Total beam time request 73 days

Beam energy: 11 GeV - Beam polarization: 85%

Assuming a total of 60 days (50 on ND; + 10 of overhead) for RG Cb
— 133 days of beam time for polarized deuterium (110 on ND; + 23 of overhead)

Physics topics:
* Polarized nDVCS (GPDs)
* Polarized SIDIS (TMDs)
* Polarized DIS (polarized PDFs)
«Additional topics: polarized nTCS, polarized nDVMP, di-hadron SIDIS



Experimental setup of Run group M

Overview §

|

Forward tagger

Added to optimize
NDVCS measurement




The CLAS12 longitudinally polarized target

allliE
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Magnet P~ 40%:; L ~103%4 cm23s1/nA

\_

2

NMR line
shapeof ' | /%
ND,

+ Data
—— Line shape fit
—— +1 -0 transition
—— -1-0transition

323 324 325 326 327 328 32.9 33.0 33.1
Microwave Frequency (MHz)



Central Neutron Detector (CND)

Main physics goal: detect the

Requirements/performances:

» good neutron/photon separation for 0.2<p,<1 GeV/c — ~150 ps time resolution
* momentum resolution 8p/p < 10%

* neutron detection efficiency ~10%

Project status:
Y« Construction completed
» * Detector shipped to JLab in June
= 2015

® » Cosmic data analysis:
o, ~150 ps for all blocks,
confirmed with tests at JLab
* Readiness Review passed in
June
| —»CND included in CLAS12
baseline equipment

AIPN

ORSAY
CND design: scintillator barrel_- 3 rao!ial layers, 48 b_ars per layer coupled two-by- i) University
two downstream by a “u-turn” lightguide, 144 long light guides with PMTs upstream of Glasgow

10



Forward tagger INFN N

» FT (calorimeter + hodoscope + tracker): polar angles between 2.5° and 4.5° %ﬁ)va Saclay
— Important for DVCS, low-angle photons, covering holes at ¢ ~ 0°-360° o
« GEMC simulations on NDj target, rastered beam, including background gjpfélﬁesrg%twy

« With the current design of the shielding, high occupancy (5%) in DC-R1 at 10 nA
— FT on for only a subset of the experiment (10 days), with lower current (5 nA)

FT OFF

i —

o

Configuration change (from Bob Miller and Chris Keith): 3 PAC days
* 1 (calendar) day to move the SVT/solenoid/HTCC upstream

« 1 day to remove the Moller shielding

« 1 day to install the lead shield, Moller shield, outer shielding cone, and nose cone
» 1 day to move back the SVT/solenoid/HTCC into position

» 2 days to reinstall the polarized target and recover the polarization 11



CLAS12 RICH

Design goals: . spherica

* 7/K/p identification from 3 up to 8 GeV/c and 25° — ~ mirror

* ~4¢ pion-kaon separation -

* pion rejection factor ~ 1:500 olane

* will cover 1 sector (2 afterwards) of CLAS12, mirror e
replacing LTCC detector

42 m . .
— e Project overview:

2010: Concept of Design and Technology

2011: Tests of components and small prototype

2012: Tests of large scale prototype

2013: June: RICH Technical Review
September: Project Review with DOE
— Start Construction Phase

2014: RICH Mechanical Review

2015: June: RICH Internal Review
October: Project Mid-term Review DOE

T y 2016: RICH Readiness Review
,3;‘; 2017: September: Ready for Installation (1 sector)
ge
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Deeply-virtual Compton scattering on the
neutron with a longitudinally polarized
deuteron target

A. Biselli (Fairfield U), C. Keith (JLab), S. Niccolai (IPN Orsay) (contact person),
S. Pisano (INFN Frascati), D. Sokhan (Glasgow U)
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Deeply Virtual Compton Scattering and GPDs

J TPVES ~ ' GP[?(Si);;é,t) dX)+ . ZGPDs(£&, &,t) +...

Redf, :e;PI(H U(x, &,1) — HI(=x, g,t){;x + gix}dx

Im#t, =z’ |[HO (&, &,0) — HO (=&, &, 1) |

At LO QCD, twist 2, chiral-even, quark sector — 4 GPDs for each quark flavor

conserve nucleon spin  Vector: H (x,§,t) Axial-Vector: H (x,&,1)

flip nucleon spin Tensor: E (x,§,t) Pseudoscalar: E (x,&,1)

Nucleon tomography Quark angular momentum (Ji’s sum rule)

1

TdA |
X, 6, )= | ——=e""H(x,0,—A?
q( J_) .([(272-)2 ( J_) %J_llxdx(Hq(X,f’t:0)+Eq(x,§’t=0))=3q ZEAZ+AL

AQ(X,6,) = mﬂemm H (x,0,—A%) X. Ji, Phy.Rev.Lett.78,610(1997)
L (272_)2 1
0

M. Burkardt, PRD 62, 71503 (2000) 14



DVCS observables and flavor separation of CFFs

Polarized beam, unpolarized target: Im{#L,, 71, %p}

~ Proton
Aoy~ sing Im{Fya+ E(F+F I KF ey T > \m{s, 7, €} Neutron
Unpolarized beam, longitudinal target: |m{5.[p’ ﬁp}

AG, ~ SINOIM{FLIAHE(Fy+F,) (I + Xg/25) —EKF, E+...} ‘ Im{7f,, En}

Polarized beam, longitudinal target: Re{}[p , ?4)}
AGLL =~ (A'I'BCOS(I))Re{Flj'['i'&(Fl'i'Fz)(}[+ XB/ZE) . } ‘ Re{}[;]’ En}
Unpolarized beam, transverse target:
Iy Bod eoxong

AG - ~ COSOSIN(O—O)IMEK(F,H — F{E) +... } :> Im{sc} A

4 1
Ho(&1)= 5‘7{u(‘§1t)+§‘7{d (&1)
1 4
H,(&t)= §}[u(§’t)+§}[d &1)
Proton and neutron GPDs (and CFFs) are linear A combined analysis of DVCS observables
combinations of quark GPDs for proton and neutron targets is necessary to

perform the flavor separation of the CFFs ;¢



What we learned from
CLAS pDVCS asymmetries

Extraction of CFFs from combined analysis
of CLAS data (TSA, BSA, DSA - egldvcs)
CFFsfitting code by M. Guidal
M. Guidal, Eur. Phys. J. A 37 (2008) 319, etc...

PROTON TOMOGRAPHY: _
* ImA has steeper t-slope than Im#:

axial charge more “concentrated”
than the electric charge

* Imgf; flatter t-slope at high Xg:
faster quarks (valence) at the core
of the nucleon, slower quarks (sea)

at its perifery

Aq(x,b,) = J'—A)e'ALblH(xO —A2)

_CFF

<Q> = 1.52 (GeV/c)
[ <X > = 0.179

<Q™ = 2.41 (GeVic)
N> = 0.255

«2F PRD91 (2015)

<Q* =3.31 (GeV/c)
N> = 0.453

- S. Pisano et al.,

<Q™ = 1.97 (GeV/c)
K> = 0.255

<Q% = 2.6 (GeV/c)
X > = 0.345

_+_ Im({H}, fit to present data
_+_ Im(H), fit to present data
_E*’_ Im({H), fit to [12] and [14]
_"1:_ Im(H), fit to [12] and [14]

[12] CLAS BSA (Girod et al.)
[14] CLAS TSA (Chenetal.)

16




DVCS
program
for
JLabl?2

Proton
Neutron

Observable Target Sensitivity Completed 12-GeV
(target) to CFFs experiments experniments
ATpeamip) | Unpolanzed hydrogen JmH, Hall A, CLAS Hall A, CLAS12 Hall C
BSA(p) Unpolarized hydrogen JmH, HERMES, CLAS CLAS12
TSA(p) Long. pol. NH3 ImH,, FmH,, | HERMES, CLAS CLAS12
DSA(p) Long. pol. NH3 heH, RelH, | HERMES, CLAS CLAS12
tTSA(p) Transv. pol. protons SmH,, SmE, HERMES CLAS12
ATpeqmin} | Unpolarized deuterium Smé, Hall A
B5A(n) | Unpolanzed deuterium Sméy, CLASI12
TSA(n) Long. pol. ND3 JmH,,
DSA(n) Long. pol. ND3 ReH , C12-15-004 —

S Hp fit of oA A Aws A Au A Ay
ofsE E 0 F B E B OE BB OE
B 2000 2 T N L TN S
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SN N S
S e Y
A O S T T T SR G
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0.1
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0
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i
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Q? (GeV?)
w

Q? (GeV?)
w

Effect of the Forward Tagger on the acceptance for nDVCS
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Q? (GeV?)

Effect of the Forward Tagger on the acceptance for nDVCS

0<-t<0.2 GeV? o 0.2<-t<0.5 GeV?

05
(W]
4
1035F
noaf

Q? (GeVz)
[{=]

"R s
BBk 58
'
B T

\..- u- 7E =f " F [l A 1

suafy - s A c amf el - oo —  — o

mi o R - wf SO I S Loisf — T .
R I 7| Acceptance vs ¢ 6F P i = — With FT

L005F

IR A I v 0°<<360° - R R R

..+"'""""""'"""""""'|||

: . > 5F . Lo e
_ _ y scale: 0:-0.05 . _ _ ;
b= b r = BE L . _
E SacURE E".,"L——+ T common to 45 3. 3 - e J—_ WlthO Ut FT
o el B S, | a||p|ots r & S I SN R SR
= E 3 M- =3 == —

e e d e 2{ lucT iy SN — e .

e e e e Beemmd )

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Q? (GeV?)

0.5<-t<0.8 GeV? 10— 0.8<-t<1.2 GeV?

s J E.G: ay = 9.3;
L:. L:. ?5_ L:- L=- EHS
amf amf L04E aoaf aodf 04|

1035k 8 C 1035 —_—

e - o - | Theinclusion
N 1.025F C m=f 4+ | 1025 —

I I 4 - ?E s b = 7 om - Of the FT
~— — | 1015k L - mef osf - 1.015|

= :— = ook 6F wf Ty wf 0.1 Completes the

l_!_l_l_llI_!illillill_+||||||||||||||||||||||||||||||||||

B T et B d T ¢ coverage,

[ : = — : HE . . - 5; = __. 1= . : l._.__ : affecting 16

Foo— 3 43 4 ¥ - 4% —4 3~ ——7 binsoutof49
Ll anl S | Ll el S o
'*"};_ i Sl R S 2:-:.’_' _____ 4+ . -'L__ _____ 7 o<k . . . . .

01 02 03 04 05 06 071 ~041 02 03 04 05 06 07 19



Projected results: target-spin asymmetry

1 J1-P*-A° + L =3/20-1035cm-2s2, Time = 100 days@10 nA + 10
v Count rates TN days@5 nA with Forward tagger, P,= 0.4
computed with
nDVCS+BH r = 0 L 0 1
event generator
+ CLAS12 + FT | _
acceptance from _
FastMC TSA~0.2 ] + 1 .
+ CND efficiency 1 t ”“ i }}
from GEANT4 0 ;w +{ -
simulation 1 T 1 '
v Asymmetries T 1 :
computed with :
VGG model ]
5 j Iy FRTRRTE | FRTTETA |FRTTRTE) FNTNTTR| (ETRIT | STYRTTN | STTNTTN | STORENT ke b ke b ol ok o e s o e skl s sl
* 4 bins in Q2 ] i i :
* 4 bins in —t 4 bj" M NHWMMW W M iHH“HHJr {H H“ : m
4 bInS |n XB 0 ->t: it ::---~---- :::—.-—_-:.-.u-
« 12 binsin ¢ ! i i :
3 j ¥ i :
(Same as E12-11-003) ﬁké}fw‘f MWWWW rhﬂ :%HH“H}H:HH HHH H
- 2 ;# PFTRETS | PR | PRSI | FRTETeR | Teaees | :":-'- :
Red points = 50 days HFEFIM H""'"'"«#“*H‘ﬂw ., P M’M‘. First time measurement
Bins completed by the FT 1 i |
0.1 0.2 0.3 0.4 0.5 0.6 0.7

Xg 20



Projected results: double spin asymmetry
1 JI-P?PZ-A% 1 =3/20-10%cm2sL, Time = 100 days@10 nA + 10

v'Count rates Op=

computed with PP JN days@5 nA with Forward tagger, P,=0.4, P, =0.85
nDVCS+BH — 0 0 10 -ty
event generator 1.4
+ CLAS12 + FT |
acceptance from ' |11 m AT
FastMC - ' 1 H H ElEE
+ CND efficiency DSAUp | 1™ | || || }” er :
from GEANTA4 008 ‘ ‘ ‘| |“ M |
simulation
v Asymmetries : ' ' |
computed with '
VGG model I i
5 -0. blabobtolely) bbbl iisbinhlolel labelnbeelel Inbebbbler bbbl inbbeiabalabl g T AT T TR T T
* 4 bins in Q? Loty W“\ } ] :
* 4 bins in —t I I#‘inu |||.||||H*}HHHMM I il LJ:_ L
ns 4 | | ot
* 4 bins in Xg o I | AL
* 12 bins in @ - | : ] :
(Same as E12-11-003) E‘% %%Wﬁmih%ﬂﬂ %MH u HH”H}HI v
2 L] | FFPUIOY | PPN § FRPPPPUN | FEPPFOINL | PRPPUUS | SRS | -0 |- 027 0 I SN y e
Red points = 50 days : - ;
G curee. BL 1EEEIERE wwmﬁm ™ Mﬂ'ﬂ] First time measuremen’j
0.1 0.2 0.3 0.4 0.5 0.6 0.7

Bins completed by the FT
p y Xg 21



Projected beam spin asymmetry from C12-11-003

1 (1-PZ-A? L =10%cm2s?! for LD, Time = 80 days; P, = 0.85

v'Count rates Oy =—-
computed with R JN
nDVCS+BH [T/ - 0 t, 0 10 4
event generator [ 0'25_
+CLAS12+FT (R
acceptance from fg I : :
FastMC BSA~0.05 - | E -
+ CND efficiency 8 T " ”h M} - H - Mt ‘ + - m 1 H
from GEANT4 oyl } ol e, 1) i "HH‘ I
simulation 7 o M }h o IH} |H i | _ }
v Asymmetries : . | I . _
computed with 6 . i : _

VGG model

* 4 bins in Q2

sl I (107U TN A
« 4 bins in —t I | o i ”l i } S HHH | |
* 4 bins in xg ot 4 | ! ||A ; i |HM | ‘ M
* 12 binsin ¢ 3 Joal Y I 1 S T N ] -_ ]
I | S U (i }'-::::II‘.::: 1 '- ! {I . I . } |
IS "Wl e *H*ﬂ *||++ ._HHHH+:I}H|-H+H++E.|HH”‘-| ;_HHHHHi;_1|H||HHH:1|HH |“.
. t 2 Al v . i ]
eXperImen Iy ‘T_“ki‘ i.:-.,_ 1., *H‘W g 1,11#] r'é-qa'-H-H"l . mm;wmﬁﬁ:4|.|}||||'“ |
Sensitive to Im(E&,) ™01 0.2 0.3 0.4 0.5 0.6 0.7




Combined analysis of C12-15-004 and E12-11-003

110 days
50 days

Extraction of

Q? (GeV?)

neutron CFFs

using M.

Guidal’s fitting

code. Fit of
TSA, DSA

(C12-15-004 and
PR12-06-109a)

and BSA

(E12-11-003)

7 CFFs as

free fit

parameters

ImE=0

10

9

4

2

1

Hinn)s
o n

ImH,,

] i | ooof
[ P T P Lol Ll 2-. 'olz"'olf."' A .1|.
.o -t(:st’) (;,vz, . . -t (GeV?)
5:1{
N: | I
— £ "oy i H h
o K .
- ‘i{ 0y H BT )
-, ol M S
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Combined analysis of C12-15-004 and E12-11-003

110 days < 10

50 days

Q? (GeV

9

8

— IME,

z } RN
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Combined analysis of C12-15-004 and E12-11-003

—~ 10

110 days > F ReH,
50 days O o ; :
o« 10— o [ .
3 - 8 |
o 9— - I
[<JNE e |
8 6:
T -
- 5— 1(@aV?) 1(6aV)
- - f’
M= - ) -
- 3:3 i 5
L o S Y I 11
IS R SAMMERAE n.
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:xf — - }{ i 11 H ¥ I{ iz
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Combined analysis of C12-15-004 and E12-11-003

110 days — Al ReH
50 days E 4t n
o 3f T |
p ] e 4 -
- }} #o.l [ R I S TR S

- ||||‘“'1;|||||‘“"|||
ReE, ™04 02 03 04

Q? (GeV?)
({¢]

~
|IIII|IIII|IIII|IIII|IIII|IIII|
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I I o | *F
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Projections for flavor separation (Im)

| Q?=2.6 GeV?, x =0.23 |

| Q*=5.9 GeV?, x = 0.35 |

| Q%= 2.35 GeV?, x = 0.13 |

| Q%= 4.0 GeV?, x = 0.25

g4 $5 g8 S8
Fitusing all = 4o = ‘ =7 =
the projected 2: b Erenda s 25 Nucleon : } 2.2 1
pDVCS _ ) - Hi(n), Prosent RS 2 CFF 4 15 °
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Projections for flavor separation (ImE)
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Final-state interactions for nDVCS on the deuteron

Detected in
forward CLAS12 Not detected n
\ (reconstructed) L P n

ed—>e’ny(p5' d L 4 P
VAR

Detected in Detected in
CND, EC EC,FT P p ; ;

FSI effects without charge exchange (pn—pn) will be estimated empirically measuring eny and epy on deuteron
in this same experiment and comparing with proton data

The effect of charge-exchange FSI can be calculated and corrected for.

M. Sargsian estimated this effect for the extraction of the neutron form factor in polarized electron scattering from
polarized He?® (S.Riordan et al., PRL 105, 262302 (2010), W. Cosyn et al., PRC89, 014612 (2014)):
* pn— np interaction is due to pion exchange — amplitude has a 1/s suppression factor, due to the spin 0 of the

exchanged pion, as compared to non-charge exchange pn—pn scattering (W. R. Gibbs and B. Loiseau, PRC 50,
2742 (1994))

* 10% at the cross-section level
* negligible impact on asymmetry, because the effect is almost identical for deuteron spin 1 and spin -1 states
dominated by the S wave of the deuteron

» pn—np has a larger slope factor in the amplitude — for our kinematics it decreases two times faster with t than
pn—np

A measurement of fully exclusive nDVCS, using BoNus for the spectator proton and the CND for the active
neutron could also be done, even if it will have limited statistics:

experimental check of FSI calculations, possibility to select kinematics minimizing FSI effects 29



Semi-Inclusive Deep Inelastic Scattering (SIDIS)
on deuterium: The case for doubling the statistics

Silvia Pisano, INFN Frascati, contact person
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Transverse Momentum Dependent PDFs&FFs in SIDIS

8 leading-twist TMDs
* They depend on the parton longitudinal momentum
fraction x and on its transverse momentum K

— 3D dynamics of the nucleon
» Diagonal elements: PDFs

« Off-diagonal elements require OAM

Leading Twist TMDs

Quark Polarization

(”‘\.

i
|'/— )—b Mucleon Spin o— | Cuark Spin
p-

\

Longitudinally Polarized Transversely Polarized
(L)

u| 7= (e b=l - L
M
o Boer-Mulders
- -_— oy Y
T L g9, \.-/- \_./-F 1LJ- =2 — [ -
. Helicity Ketzinian-Mulders’
t t
. A " t 1 4) (1)
fﬂ_— = _-_/I: — : [ ) Q"i — \'_ — —) 'Transvcrsnyt
Sivers - —_ |
h" = - .f

Approved CLAS12 SIDIS experiments, with 50 days
on longitudinally polarized NDj:
E12-07-107 (pion SIDIS) , E12-09-009 (kaon SIDIS)

Fragmentation Functions
Hadronization of the active quark—
transition from partonic to hadronic
degrees of freedom

g/H U L T
U D, Hy
L Gqp, Hi,

31



Single-hadron SIDIS cross-section

Depending on the polarizations of beam and target, different TMD and FF can be accessed:
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Depending on the produced hadron

8 (4 o o8 () l _
[V 1-e*cos (¢~ ¢s)Fry o . and on the target type, different
+1/26 (1 — €) cos (¢ s)Fra (#9) A . flavor combinations of TMDs and

FFs can be singled out
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SIDIS on
N/qg| U | L T
U S hj\ da. .
[ " < 7 J]J_j/ > dedyddgdindPE |
T [ lor [t

Ay i sin2¢ is the only twist-2 term

« Kotzinian-Mulders function (worm gear)

— transversely polarized quark in a longitudinally polarized proton
— quark spin-orbit correlations

« provides independent information on Collins function H,™

‘e P
0l 01 K /,/
':].I}E:— ':].I:I_':—

- — = — 1
a0k r a0

i ™~ -

. L 50 days

1Fpasquini et al., PRD78 (2008) - 100 days

- CQM, for different wave fungtions TR R N R IR TR T
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nolarized ND,: single target spin asymmetry

x Sp [ 2e(1 + €)singp Fyp ™ + esin(2e)Fyrp " ]]
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153

e

Doubling the
statistics helps at
high xg, where
models differ the
most, and it is
crucial for the K-
channel, which
has lower
statistics
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SIDIS on polarized ND;: double spin asymmetry

N/g| U | L T -
. < 04
U _fl P hl_ ’
T fir o | b hiy 0.2 -
0 _
d hi> Q;E
J, 5— o 8¢ [ 2e(1 + €)sing, F; '” * + esin(2gn ) Fy SPEh ) I I
dwdydpsdénd Py, [ ] -0.2 —: HERMES (preliminary) ~ ‘ 50 dayS
+5rA [m]—egFL+\f.Efl—f}m*j{U; r”H['}'l' CLAS1 T B L R B
(.L—jb é 0 0.5 1 0 0.5 1
P; (GeVic)
Models: Anselmino et al., PRD74 (2006)
* pr dependence of constant term of A, (LT term): Different k; widths for helicity distributions
access to g, — helicity dependence of k+
distributions of quarks <

* p & d data for p;-dependent flavor decomposition 04

0.2

Doubling the statistics helps at high p,, where
models differ the most, and it is crucial for the I ‘ i ‘

K- channel, which has lower statistics -0.2 _: gEEgn_lEzs (preliminary) - | 100 days
| 1 1 1 | 1 1 1 1 1 1 I 1 1 1 |
0 0. 5 1 0 0.5 1

P; (GeV/c) 34



de

SIDIS on polarized ND,: double spin asymmetry

— — Higher-twist TMDs
hi> G oD :
drdyddsdondPl, oS [1.; 2e(1 + e)singp Fyp " + esin(20n ) EFyry o "] N/q U L T
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Models: Anselmino et al., PRD74 (2006)

0 0.5 1
PT
Different k; widths for helicity distributions

Also for pions, doubling the statistics helps at
high p+, where models differ the most
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Deep Inclusive Scattering (DIS) on
Deuterium: The case for doubling the statistics

Sebastian Kuhn, ODU, contact person
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Present Status: What do we know about polarized PDFs?
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CLAS12 Approved (RG C: 30 days p, 50 days d)

 Goal of E12-06-109: x-dependence of each PDF (q or g) for 0.06< x< 0.8

0.05 |

* Measurement of DIS and SIDIS (no p; dependence)
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& (JLab12)/ & (JAM15)

& (JLab12)/ & (JAM15)
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What will 50 more days on D bring us?

N —  EGI12p(120 days)
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Relative uncertainties on polarized PDFs with various data sets (Courtesy N. Sato)
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& (JLab12)/ & (JAM15)

& (JLab12)/ & (JAM15)

What will 50 more days on D bring us?

N —  EGI12p(120 days)
05| AU —  +EG12d (50 days) 05F
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Relative uncertainties on polarized PDFs with various data sets (Courtesy N. Sato)
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What will 50 more days on D bring us?

Ad/d for x—1
1.0 1.0
#CLASLY *CLAS1Z
0.8 - WEG1b 0.8 - IEGLD
Hall& HallA
0.6 T 0.6 1
0.4 0.4
0.2 - 0.2 1
2 00 I ' = 0.0 ' '
& i 0.2 0.4 1 0.6 0.8 1 = 1.2 0.4 [ |;| {
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-'-I-.i--l--*ttll]-ii}lr -r--l-.t--l- *IIIEIE
-0.4 1 = *' -0.4 |
-0.6 -- -0.6 1
-0.8 - - -0.8 1
-1.0 -1.0
X ¥

Curves: pQCD without and with OAM effects (Brodsky et al. Nucl. Phys. B441 (1995) — Avakian et al. PRL99 (2007))
Projections: hyperfine perturbed model (N. Isgur et al., PRD59 (1999)

As approved With doubled beam time

With “unlucky” statistical fluctuations, cannot Even with “unlucky” statistical fluctuations, can
exclude Ad/d > 0 at highest x (y?/dof=2.5, p=8%b) exclude Ad/d > 0 at highest x (¢?/dof=6.6, p=0.4%b)



What will 50 more days on D bring us?
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Additional topics

* First time measurement of Timelike Compton scattering, yn—ne*e", on longitudinally polarized neutron:
v universality of GPDs
v Ay and A have sensitivity to H, and E,
v A, expected to be fairly big (0.15)
v nTCS cross section only a factor of 2 less than the pTCS one
v'120 days approved for pTCS with unpolarized target

0_1%_ neutron v HeH (P)

F M
0.05 H{(ﬁl(u)
= H4E (N)
-
— 0_052_ —— BH only
—0A5F e,
-02f

02 03 04 05 06 07

: i i o ) ) ~t (GeV?
* First-time measurement of di-hadron SIDIS on longitudinally polarized deuterium: (et

v cleanest access to chiral-odd PDFs
v' promising preliminary results for A, on NH; with CLAS at 6 GeV
v ND; needed for flavor dependence of the various PDFs and FFs, high stat for mapping

* DVMP on longitudinally polarized neutrons:
v’ transversity neutron-GPDs in pseudoscalar channels (n°, n, )
v’ link to transversity GPDs shown by 6-GeV CLAS results on n°, n

v A, proportional to LT interference term of the cross section—Hy, Er, Er
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Conclusions/summary:. CLAS12 Run group M

 The multi-dimensional structure of the nucleon is one of the primary goals of the 12-GeV upgrade of
JLab, and it is the core of the CLAS12 program

« Parton distributions depend on quark flavors, measurements on proton and deuterium are necessary
* Current approved beam time on ND; for CLAS12 is ~40% of the NH; one

* We request 73 PAC days of new beam time (11 GeV, 85% polarization):
» 60 of production running on ND, 13 of ancillary measurements/configuration change

« Setup: CLAS12 + ND4 polarized target, CND, RICH, FT (for 10 days at 5 nA)

* The inclusion of the FT completes the ¢ coverage for nDVCS, improvement for CFF fits beyond
statistical effects

* This will bring the total running time on ND; for CLAS12 t0133 days — same as NH,
* First time measurement of polarized nDVCS

* Increased statistics for SIDIS, important especially for kaon channels at high x, p

* High precision measurement of collinear structure functions

 Exploratory measurements of DVMP, nTCS, di-hadron SIDIS
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CND: requirements

<p,>~ 0.4 GeV/c

- . -i'_

-
N
‘ L ‘ I ‘ L | T

More than 80% of the neutrons have 6>40°
— Neutron detector in the CD

-

101

102

102

Resolution on MM (eny) studied with nDVCS
event generator + electron and photon resolutions
obtained from CLAS12 FastMC
+ design specs for Forward Calorimeter

— dominated by photon resolutions

Detected in
forward CLASlZ\ Not detected
ed—e’ny(p)
Detected in CND/ ™ Detectedin
EC, FC

plle + plln + pllp = ppe' + p"n' + pllp, + p}ly
In the hypothesis of absence of FSI:

p*, = p*,,— Kinematics are complete
detecting e’, n (p,0,0), v

FSI effects will be estimated measuring
eny, epy, on deuteron
In this same experiment
and compare with free-proton data

— The CND must ensure:

* good neutron identification for 0.2<p,<1 GeV/c
— o(TOF) ~ 150 ps for n/y B—separation

* momentum resolution up to 10%

* no stringent requirements for angular resolutions



NDVCS@CLAS12: kKinema

tics and acceptances ed—e’ny(p)
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NDVCS+BH event
generator on a FREE
deuteron target
+ CLAS12 acceptance

from FastMC (ey)
+ CND efficiency
from GEANTA4
simulation

80%b of neutrons
in CND (6>40°)

I!EIJI]
6(%)

E. = 11 GeV, Q1 GeV2, W>2 GeV?, t<-1.2 Gev2  NDVCS-BH photons

have E>2 GeV
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CND: expected performances (Monte Carlo)
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GEANT4 simulations used to evaluate:

> efficiency

> PID (neutron/photon separation)

» momentum and angular resolutions

» definition of reconstruction algorithms
» background studies

Measured o, and light loss due
to u-turn implemented in the
simulation

Efficiency ~ 8-9%
for a threshold of 3 MeV, TOF<8 ns
and p,=0.2-1GeV/c

O PMT—N> B

Q PMT—D> <

. D)




Definitions of nDVCS observables  Foreach 4-D. binin (Q? Xg, -t, ¢)

_ N"+N7"-N"-N"— Target-spin Im{H., E
A D, (P (N +N~)+P"(N"+N~)) asymmetry Uty T}

- N +N " —-N"—-N""* Double spin
" DR(R(NT+NT)+R (N7 +N—)) asymmetry Re{Hy, T}

AL

A x10 %10
-

" cou n
@

F MM2(ed—pemyX) | rip(x)(ed—enyX)| Lk MM2(ei—enyX)
Yields extracted
applying exclusivity
cuts to enyX events
1 ' CRNE ac"'\\”"‘“*”" I L

Poer, (en—enyx)] EXClUSIVItY cuts suppress: o
» nuclear background (14N) :ﬁ Dilution factor

E(X)@d—enyX)| it

12
- n° background (needs **C data)
« accidentals in the CND

N.,
D, (eny)=1-c N € ~0.7

s ND3
vl IIIIIII|III\M_LA_AI|III|III| 3'|||||||||||||||||||Mnulnnlnnlnll
02 04 06 08 1 12 14 16 18 2 O 01 02 02 04 05 06 O7 08 DD
E(X}ed-»eny X) (GeV) P, (Gevic)




Definitions of nDVCS observables  Foreach 4-D. binin (Q? Xg, -t, ¢)

_ N"+N7"-N"-N"— Target-spin Im{H., E
A D, (P (N +N~)+P"(N"+N~)) asymmetry Uty T}

N 4+NT"—N"-N"" Double spin
DR(R (N +N~)+ P (N +N—)) asymmetry

AL = Re{ﬂ;], En}

b: beam; t: target

N bt FCbt: charge, (Faraday Cup)
NPt = (1 : e”gt Charge-normalized DVCS/BH yield B_o: n° contamination
2~ FC P,: target pol.; P,: beam pol.

Ds: dilution factor

Projected n° contamination vs ¢

s F 0.7 <=2 GeV 0.7 <-t<2GeV?
E”'BE_ N data || MC F e
Eu,ai_ B = %1y _ = 71y osf 0 contamination HBE—TSA (egldvcs) befor_e
So7 7 N N N Me 3 in the egl-dvcs o5 and after 0 subtraction
T E eny eny w2y a7E . naf-
0.6E _E  pDVCSanalysis E i I
0'52_ :|=— -]E—i 1 f } ¥
0.45 el asf : } 02f- } | l
03 — o3f nf-
0.2t - B2y ! st ~119% effect on TSA
0.1 T | mE 23E ~6% on DSA
Covovv v v by v v by v byvvow v by o :|| Lovvslovaa b naaly i EEENE R R _1'|||||||||L|||||||||_||||||||||_|||||L|_|_
0 50 100 150 200 250 300 350 |'.'LI =0 0 130 200 250 300 330 o 50 100 150 200 250 2300 350

o(°) & {dag) & (deg)



Deeply Virtual Compton Scattering and GPDs

e’ « Q%= (e-e’)

/’ t *Xg = Q%2Mv v=E.E,

e  — - * x+§, X-§ longitudinal momentum fractions
| *t=A?=(p-p’)°

* X = Xg/(2-Xg)

« Handbag » factorization valid
in the Bjorken regime:
N(p’) high Q?, v (fixed Xxg), t<<Q?

N(p)
At LO QCD, twist 2, chiral-even, quark sector — 4 GPDs for each quark flavor

conserve nucleon spin  Vector: H (x,§,t) Axial-Vector: H (x,&,1)

flip nucleon spin Tensor: E (x,§,t) Pseudoscalar: E (x,&,1)
pion valence
/ cloud / quarks

Nucleon tomography (" /T

R e R S N A R PR

A iA 6] . P
AQ(X,6,) = _[ —)e H(xO ~N) y P /f,,/ /

M. Burkardt, PRD 62, 71503 (2000)




Deeply Virtual Compton Scattering and GPDs

e’ « Q%= (e-e’)

/ t «Xg = Q%/2Mv v=EE,
e ——— - * x+&, X-§ longitudinal momentum fractions
| *t=A%=(p-p’y’
* X = Xg/(2-Xg)
« Handbag » factorization valid

in the Bjorken regime:
N(p’) high Q?, v (fixed xg), t<<Q?

N(p)
At LO QCD, twist 2, chiral-even, quark sector — 4 GPDs for each quark flavor

conserve nucleon spin  Vector: H (x,,t) Axial-Vector: H (x,&,1)

flip nucleon spin Tensor: E (x,§,t) Pseudoscalar: E (x,&,1)

Nucleon tomography Quark angular momentum (Ji’s sum rule)

A6, O 1
q(x,6,) = j—e H (x,0,-4%) %J_lxdx(Hq(x,g,t=0)+Eq(X,f,t=0)):Jq:%AZJ”AL

AL
AQ(X,6,) = Ig)eAmH(XO —A’) X. Ji, Phy.Rev. Lett.78,610(1997)

M. Burkardt, PRD 62, 71503 (2000)



Accessing GPDs through DVCS

DVCS allows access to 4 complex GPDs-related quantities: Compton Form Factors (&,t)

Toves _ 4 IX -+ 1 ZGPDS(+E, £ 1) + Only € and t are accessible
\ P2 experimentally

Re}[q:e;PT(Hq(x,f,t)—Hq(—x,g,t){ L, }dx Imgt, =722 |[H (&, £,1)— H (=&, 1)

E—X E+X
DVCS Bethe-Heitler (BH)
| |
2
T~ T T BH is calculable
o(eN—eNy) = + + (electromagnetic FFs)
O O O

o~ TP + T | o« Re(CFFs) (also DSA)
Ac =0 —c o |(DVCS-BH )oc Im(CFFs) )m@@"".ﬂd
Ac 1(DVCS -BH ) leptonic plane _,

A= oC hadronic "4

20 |BH|" +|DVCS/" +1 plane




Sensitivity to CFFs of DVCS spin observables

+ p—
O —O unp(U In ¢ H
ALU(UL) = oc Twist 2

O-+ to C0 unp+CO unp+(C1unp+C1,unp) COS¢ apprOXimation
B _ (-t<<Q?)
AL _U+++O'+ -0 -0’ o COLP+COLP (ClB::IPCOS¢
" o +o 40+ o Conp T+ (Co+C/y10) COS @
(&= Xg/(2-xg) k=-t/4M?) Proton Neutron
Polarized beam, unpolarized target: iy
P J Im{H,, ., E.}

slunp sing Im{F 4+ &(F1+F2)}[ KF,Z} Im{}[ j? E }
n’ n’ N

Unpolarized beam, longitudinal target: Im{ H. i’[
s'; uL~ SINOIMYF, FAHE(F +F,) (1 + Xg/2E) —EKF, E+...} :> Uy p}

Im{H,,, &}
Polarized beam, IongitudLr]aI target: Re{}[ ]T[ }
¢\, p~ (A+Bcosd)Re{F  H+E(F,+F,)(H + Xg/2E). .. } :> Re{ﬁ’f qg }
) N

Unpolarized beam, transverse target: Im {}[‘ E }

Aoyt ~ cososin(o—o) Im{k(F,# — F,E) +... } :>Im { }[p}’
n



Effect of the Forward Tagger on the acceptance for nDVCS

Q? (GeV?)
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Effect of the Forward Tagger on the acceptance for nDVCS

Q? (GeV?)
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Effect of the Forward Tagger on the acceptance for nDVCS

Q? (GeV?)
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Effect of the Forward Tagger on the acceptance for nDVCS
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Pion distributions in ep—e’ntX

~
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kinematics y<0.85
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Large Q?, My, and P accessible with
CLASI12 are important for separation of
Higher Twist contributions
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Kaon distributions in ep—e’KX
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High energy kaons are at small angles
(6<30°)



The CLAS12 longitudinally polarized target

Irradiated

deuterated

ammonia
(ND,)

-

CLAS12
Solenoid (5T)

7

s ok o P
_ff_.e“' .
i “

UVA, ODU,
CNU and JLab

L=4cm; r=1.25cm
P~40%
L ~1034 cm3st/nA

@ Pumping system

/S 1K Refrigerator Y NMR
- Microwaves (140 GHz @ 5T)
Polarizing NMR line shape of ND,
Magnet e ' ' ' ' '
B ND3
40% [~ iﬁi’.;‘ . il
ND,polarization o ' . I
improves with Sl e 5'*,”?
“cold dose” - S i
H 1]
; + Data
10% — : — —— Line shape fit
—— +1 -0 transition
—— -1-0 transition
0%0 li 10 15 I 2|0 I 2|5 I 30

Accumulated Charge (1015 e-/cm?)

32.4 325 32.6 32.7 32.8 32.9 33.0 33.1

Microwave Frequency (MHz)



Insulating Vacuum Can (Thin scattering nose piece not shown)

SECTION A-A
SCALE0.2: 1

Heat Shield (this will extend to the end of the target, not shown)

1 K Pumping Space Aluminum (Filled with low pressure 1K He)

Pumping Space G10 or CFRP

Separator Exhaust Heat exchanger for Heat Shields
1K Heat Exchanger and Run Valve

Separator / 4K Pot

Shim Coils for + Polarization

DETAIL B
SCALE 1.5: 1

SECTION C-C AN / c
SCALE1/5 S—— DETAIL E
Re-entrant Beam Line (Low Pressure SCALE 1.5: 1

1K gas, same volume as Pump Space) Beam window

NMR Coils
(Shown is a single NMR coil pair for a
single target, although there will need

Target Material
to be 2 seperate NMR circuits for the 10

All images are for illustration purposes only. -James Brock 06/07/2016

two targets * polarized)



