
CLAS12 Run Group B

Electroproductionon deuteriumwith CLAS12

Silvia Niccolai, IJCLabOrsay

PAC48, 9/25/2020

Å Physicsgoals 

Å RG-B experiments

Å Overviewof the data taking

Å Analysisupdates and preliminaryresults

Å Beamtime request

1) Is thereanynew information that wouldaffect the scientificimportance or impact of the experiment

sinceit wasoriginally proposed? 

2) If the experimenthas alreadyreceiveda portion of its allocatedbeamtime and/or is on the presently

publishedacceleratorschedule, the spokespersonsshouldprovidean analysisof the existingdata set, 

the projectedresult for anyadditionaltime on the publishedschedule, and the projectedresult for the 

completedata set includingall remainingunscheduledtime. The goal is to show the physicsimpact of 

the respective data sets. 

3) Shouldthe remainingbeamtime allocation and experimentgrade bereconsidered?
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GTMDs

TMDs PDFs

GPDs FFs

DVCS
Elastic

Scattering

SIDIS DIS

Impact 
parameter

Transverse 
momentum

Longitudinal 
momentum

Run-Group B aimsto measure

all thesedistributions, using

deuteron as aneutron target

Ÿ Quark-flavor separation, 

combining with proton results

Multi -dimensional mapping of the nucleon

A completepictureof  nucleonstructure requiresthe 

measurementof all thesedistributions .

+ EMC effect, SRC

+ J/ɣphotoproductionon deuteron
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CLAS12 Run Group B: experiments

Elastic

Scattering

(Gn
M)

DIS (for SRC 

and EMC effect)

SIDIS (for 

PDFsand TMDs

nDVCS

E12-07-104      Neutron magneticform factor                                                G. Gilfoyle A- 30    

E12-09-007a Studyof parton distributions in K SIDIS                    W. Armstrong               A- 56

E12-09-008       Boer-Muldersasymmetryin K SIDIS                                   M. Contalbrigo A- 56

E12-11-003       Deeplyvirtual Compton scatteringon the neutron                S. Niccolai A (HI)  90

E12-09-008b     Collinearnucleonstructure at twist-3 in di-hadron SIDIS    M. Mirazita RG              

E12-11-003a     In medium structure functions, SRC, and the EMC effect O. Hen RG

E12-11-003b     Studyof J/y photoproductionoff the deuteron Y. Ilieva RG

E12-11-003c Quasi-real photoproductionon deuterium F. Hauenstein RG (*)

J/ɣ

photoproduction

Common featuresto all experimentsof RG-B:

Å Liquid deuterium target

Å Beamenergy: « 11» GeV

(*) JoinedRGB from fall runonwards
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38.9 total PAC daysaccordingto ABUs

Ÿ 43.2% of the approved 90 PAC days

51 PAC daysleft to run

Run Group B running time

43.3 B triggers collectedat 3 different beamenergies: 

Å 10.6 GeV(9.7 B inbending) spring

Å 10.2 GeV(11.7 B inbending) spring

Å 10.4 GeV(9 B outbending) fall , (12.9 B inbending) winter

Status of data processing:

Å spring dataset calibrated

Å spring ñcookingò completed (Sep 2nd)

Å fall dataset: calibrations underway

Å winter: preliminary calibrations

Scheduledbeamtime: 
Spring: Febuary6th - March 25th 2019 

Fall: December3rd ï20th 2019

Winter: January6th ï30th 2020

Averagebeampolarization ~86%

All resultspresentedin this talk come fromthe spring dataset

~50% of all the data takensofar

Experimental setup:

Å Baseline CLAS12

Å Liquid deuteriumtarget

Å ForwardTagger

Å RICH (1 sector)

Å Central Neutron Detector

Å BackwardNeutron Detector
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Interest of DVCS on the neutron

A combinedanalysisof DVCSobservables for 

proton and neutron targets

is necessaryfor flavor separationof GPDs

Polarized beam, unpolarizedtarget:

Unpolarizedbeam, transversely polarized target:

Im{Hp, Ep}

Neutron

Proton

Im{ Hn, Hn, En}
~

The BSAfor nDVCS:

Åis complementaryto the TSA for pDVCSon transverse target, aiming at E

Ådepends strongly on the kinematicsҦ wide coverage needed

Åis smaller than for pDVCSŸ morebeam timeneeded to achieve reasonable statistics
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The beam-spin asymmetry for nDVCS is

the most sensitive observable to the GPD E 
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S. Ahmad et al., PR D75 (2007) 094003

VGG, PR D60 (1999) 094017

DVCS on the neutron in Hall A at 6 GeV

M. Mazouzet al., PRL 99 (2007) 242501

Hall -A experiment E08-025 (2010)
Å Beam-energy« Rosenbluth» separationof 

nDVCS/BH CS usingtwo beamenergies

Å First observation of non-zeronDVCSCS

Å M. Benali et al., Nature 16 (2020)

DsLU~ sinfIm {F1H + x(F1+F2)H -kF2E}
~

edŸeɔ(np)Ÿ

Q2=1.9 GeV2 and xB=0.36

Q2=1.75 GeV2 and xB=0.36

Thesepioneeringresultsunderline the 

importance of nDVCSfor GPD physics, and point 

to the needfor a dedicatednDVCSexperiment

with neutron detectionand widecoverage

ÅE03-106: First-time measurementof DsLU for nDVCS, 

no neutron detection

Åmodel-dependentextraction of Ju, Jd
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Pass1-spring data
No p0 subtraction

Å55188 nDVCSeventcandidates

ÅRaw BSA integrated over all kinematics and topologies

Å10.6 GeV and 10.2 data combinedL

Å Includesa charged-particle veto based on CND and CTOF 

information

ÅWork ongoingon p0 subtraction, fiducial cuts, etcé

nDVCS with RGB data edŸeng(p)

CLAS12 preliminary

Fit function: a sinf

First -time measurement of BSA for nDVCS

with exclusive final state selection:

ÅEvents with at least one electron, neutron, photon

ÅThe chosen combination in each event is the one 

satisfying at best the exclusivity criteria on: 

MX, pX, EX (edŸengX), Dt, Df, qgX

Dt
Before/After

excusivitycuts

<Q2> = 2.29 GeV2

<-t> = 0.42 GeV2

<xB> = 0.19

Hall A@6 GeV A. Hobart, K. Price, S. N. (IJCLab Orsay)

Ÿ
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-t bins(GeV2) [0,0.3] [0.3,0.7] [0.7,inf]

xB bins [0.05,0.1] [0.1,0.14] [0.2,inf][0.14,0.2]

Q2 bins(GeV2) [1,1.8] [1.8,3] [3,inf]

nDVCS raw BSA vs fin 1-dim. bins First -time 

measurement

~50% of the data taken until now
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Q2 bins

[1,2]

[2,3]

[3,4]

xB bins[0.05,0.1] [0.1,0.17] [0.17,inf]

[4,inf]

-t bin [0,0.35]GeV2

Projections for nDVCS vs f

in 3-dim. bins

Data-driven projections for the expecteduncertainties, 

startingfrom currentyield per bin (Y): 

Å expectedyield for all existingRGB data (Y*2)

Å expectedyield for 90 PAC days(Y*4)

Å AssignedAsinf=0.05 for all (Q 2, xB, -t) bins

Existing data: 

Relative error >100%,

worseat high Q2, low ït, 

central f Ÿ crucial 

kinematics for GPDsand 

Jiôssum rule
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Q2 bins

[1,2]

[2,3]

[3,4]

xB bins[0.05,0.1] [0.1,0.17] [0.17,inf]

[4,inf]

-t bin [0.35,inf] GeV2

Projections for nDVCS vs f

in 3-dim. bins

Data-driven projections for the expecteduncertainties, 

startingfrom currentyield per bin (Y): 

Å expectedyield for all existingRGB data (Y*2)

Å expectedyield for 90 PAC days(Y*4)

Å AssignedAsinf=0.05 for all (Q 2, xB, -t) bins

Existing data: 

Relative error >100%,

worseat high Q2, low ït, 

central f Ÿ crucial 

kinematics for GPDsand 

Jiôssum rule
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Å2020720identified pDVCScandidates

ÅRaw BSA integrated over all kinematicsand detection 
topologies

ÅCompatible with raw BSA from pDVCS in RGA

ÅnDVCS and pDVCS yields scale as expected: 
(CS*eff)p~40(CS*eff)n

ÅWork ongoingon p0 subtraction, fiducial cuts, etcé

Pass1-spring data
No p0 subtraction

Incoherent pDVCS on deuterium edŸepg(n)

ÅEvents withat least one electron, proton, photon 

are selected (PID + kinematic cuts)

ÅThe chosen combination in each event is the one 

satisfying at best the exclusivity criteria: 

MX, pX, EX (edŸepgX), Dt, Df, qgX

First -time measurement

Interest of pDVCS on deuterium:

Å In itself: nuclearmedium effectson proton 

structure

Å For nDVCS: to evaluateFSI, comparingto 

free pDVCS

Fit function:

CLAS12 preliminary

Dt
Before/After

excusivitycuts

<Q2> = 2.35 GeV2

<-t> = 0.71 GeV2

<xB> = 0.21

A. Hobart, S. N. (IJCLab Orsay)

Ÿ
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[1,2]

[2,3]

[3,4]

[0.05,0.1] [0.1,0.17] [0.17,inf]

[4,inf]

-t bin [0,0.2] (GeV2)

Q2 bins(GeV2)

xB bins

pDVCS raw BSA vs f

in 3-dim. bins

First -time 

measurement
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First -time 

measurement
-t bin [0.2,0.4] (GeV2)

[1,2]

[2,3]

[3,4]

[0.05,0.1] [0.1,0.17] [0.17,inf]

[4,inf]

Q2 bins(GeV2)

xB bins

pDVCS raw BSA vs f

in 3-dim. bins
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First -time 

measurement
-t bin [0.4,inf] (GeV2)

[1,2]

[2,3]

[3,4]

[0.05,0.1] [0.1,0.17] [0.17,inf]

[4,inf]

Q2 bins(GeV2)

xB bins

pDVCS raw BSA vs f

in 3-dim. bins
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Measurement of the Neutron Magnetic Form Factor ╖╜
▪ at 

High ╠ Using the Ratio Method on Deuterium

Goal: Extract ╖╜
▪ at high Q2 using the ratio of quasi-elastic e-n and quasi-elastic e-p on deuteron: ╡

▀▄ȟ▄▪▬

▀▄ȟ▄▬▪

90-days RG-B run time will extend the 

reach in Q2 where no data exist with 

high statistical precision

Quasi-elastic ep events 

▄▬ᴼ▄▬

Analysis status:

Å Using RG-B data from spring 2019 to extract quasi-

elastic ep and enevents 

Å Using RG-A data from fall 2018 to measure neutron 

detection efficiencywith the epŸep+n channel

Plateau at Ἒ╓╔ Ȣ Ȣ █▫►▬□□
Ȣ╖▄╥

CLAS12 (PCAL/ECAL)

CLAS

ɗpq (angle between g* and eô)

L.Baashen, B. Raue(FIU), G. Gilfoyle (U. Rich.), L.C. Smith (UVA) 
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Di-hadron Multiplicities e N Ÿ eô p+ p- X

Number of di-hadron pairs per DIS electron

Di-hadron unpolarized Fragmentation Function (FF)

It enters in the denominator of every asymmetry

Assuming isospin symmetry, the analysis of hydrogenand 

deuterium data allows the extraction of u and d FF

K fŸ kinematic factors

The PDF f1q of the proton are known

ὓ ὼȟᾀȟὓ Ƞὗ

Ὠ„
ὨὼὨᾀὨὓ Ὠὗ

Ὠ„
ὨὼὨὗ

Ὠ„ ᶿ Ὢȟ ὼ Ὀȟ ᾀȟὓ

Ὀȟ σ
ὓ Ὢȟ Ὢȟ ὓ Ὢȟ Ὢȟ

ὑὪȟ

Ὀȟ σ
ὓ Ὢȟ Ὢȟ ὓ Ὢȟ Ὢȟ

ὑὪȟ
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Proton 

Deuteron 

x

z

x

z

0.16< x <0.22

0.58< z <0.66

proton

deuteron

Di-hadron Multiplicities

Å 4D analysis in xB, z, Mppand Q2

ÅDIS cuts:  Q2 > 1, W > 2, y<0.8

Å SIDIS cuts:xF
+/- > 0, 0.1 < z < 0.95, 

MM>1.1

1 < Q2 < 2.2 GeV2

O. Soto, M. Mirazita (INFN -LNF)
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Completion of the run will provide about x5 more statistics, allowing:

Åimproved sensitivity in the high x and high Q2 region

Åbetter precision in extracting D1
d

Åaccess to TMD adding pT dependence (5D analysis)
╜▀ ╜▬ᴼ╓▀

╜▬ ╜▀ᴼ╓◊



Study of J/ɣ Photoproduction off Deuteron

M.D. Baker, A. Freese, L. Guo, Ch. Hyde, Y. Ilieva, B. 

McKinnon , P. Nadel-Turonski , M. Sargsian, V. 

Kubarovsky, S. Stepanyan, N. Zachariou, Zh.W. Zhao

Q1: Impact of experiment remains as high as in 

2018 (originally proposed).
Å The question about PC pentaquarksignal in photoproduction

remains unresolved. Neutron channel is critical given that no 

positive signal in the proton channel has been reported from 

Halls D and C.

Å This experiment remains the sole near-threshold exclusive 

study worldwide of re-scattering and coherent physics.

Q2: Data analysisand receiveddata
ÅInclusiveyield (Spring2019data)~450J/ɣ(e+e-). Analysis

is in progressfor theexclusivechannels.

ÅPentaquarkstudy: receivedonly 11% of requested90 days

dueto energydrop.

ÅCoherent and incoherent study: received only 22% of

requested90daysdueto energydrop.

ÅEbḷ10.6 GeV is crucial for all of theJ/ɣresearch.

ÅThe complete data are essential for the extraction of

differential cross sectionsneededto deliver the physics

goalsof experiment.

Q3: No request for reconsideration of allocated 

beam time or assigning scientific ranking (remains 

Run Group Proposal).
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Invariant Mass e+e-  (GeV/c2)

ev
en

ts

All data from Spring 2019

e+e- :

~ 450 J/y

ed­e+e- XedŸe+e-X
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BAND

FD

Study bound proton structure 

by tagging the neutron

ὼ

#ÏÕÎÔÓÁȢÕȢ

Tagged DIS

Simulation

ς ὗ ρπ
ρ ÃÏÓ— πȢψ
%ÎÅÒÇÙÄÅÐȢυ-Å6
Ὁ ρπȢφ'Å6
ὡ ρȢψ'Å6

ρȢς ‌ ρȢχ

Low-xô
High xô

Background SubtractedRG-B Data

‌

Projected yields (90 days)

ὼ

E. Segarraet al.(MIT, ODU)

Bound F2/Free F2 ~

High xô/ Lowxô
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Conclusions and beam-time request
Å RG-B aimsat mappingthe 3D structure of the neutron via electroproductionon deuterium

Å Quark-flavor separationof the measuredstructure functionscombiningwith proton data

Å The first «half » of RG-B running endedon January30

Å ~38.9 PAC dayscollectedout of the 90 PAC daysapproved for nDVCS

Å Threedifferentbeamenergiesfor the 3 periods

Å The Springdatasethas been calibratedand reconstructed(~50% of the collectedstatistics)

Å Calibrations well advancedfor Fall and Winter datasets

Å Physicsanalyses in good shape: n/p/d-DVCS, Gn
M, Di-hadron SIDIS, J/y, Tagged-DIS, n/p-DVMP(p0)

Å Analysisof K-SIDIS in progress(RG-A beinganalyzedfirst)

Werequestthe PAC to allow us to run the remainder51 daysof our approvedbeamtime:

V Wewill measurethe BSA for nDVCSin 4-D (Q2, xB, -t, f) with acceptable statisticalerrors, exploiting

the full availablephase-space, and possiblyat a constant beamenergy, thus deliveringthe originally

proposedphysicsoutput and providingunprecedentedconstraintson the GPD E

V Wewill achievehigh precisionat high Q2 for Gn
M, whereno other data exist

V Wewill triple the statisticsfor K-SIDIS, as the 51 more dayswill run with 2 RICH sectors

V Wewill allow preciseextraction of the Di-hadron FF for u and d quarks via the first-time measurement

of di-hadron multiplicities

V Wewill providea first-time measurementof J/y photoproductionon deuterium

V Wewill perform a multi-dimensionalstudyof SRC on a boundproton

V Wewill providefirst-time pioneeringmeasurementsfor new channels(d-DVCS, n-DVMP(p0))
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Back-up slides



Experimental setup

CLAS12 baseline

5-cm-long LD2 target

RICH

Forward Tagger

CND BAND



Data quality of RGB data

FTOF

FTCal

CND

ECAL

CTOF

ECAL



CND: performances with CLAS12 data

CND design: scintillator barrel - 3 radial 

layers, 48 bars per layer coupled two-by-two 

downstream by a ñu-turnò lightguide, 144

long light guides withPMTs upstream

Purpose: detecttherecoiling neutron in nDVCS

Requirements/performances:

Ågoodneutron/photon separationfor 0.2<pn<1 GeV/c 

Ÿ ~150 pstime resolutionV(~160 ps)

Åmomentumresolutiondp/p < 10% V

Åneutron detectionefficiency~10% V S.N. et al., NIM A 904, 81 (2018)

P. Chatagnonet al., NIM A 959 (2020) 163441 

Neutron efficiency from epŸeônp+ (RGA data)Timing resolution per paddle (RGB data)



BAND: performance with CLAS12

Goal: detect recoil spectator neutrons from DIS on proton in 

deuterium

Årequires photon separation for ὴ ᶰπȢςȟπȢφGeV/c

Årequires neutron efficiency ~30% 

E.P. Segarra et al., NIM A 978(2020)
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SIDIS di-hadron will full statistics

Completion of the run will provide about x5 more statistics than the one showed in the 

plots, allowing:

Åimproved sensitivity in the high x and high Q2 region

Åbetter precision in extracting D1
d

Åaccess to TMD adding pT dependence (5D analysis)

╜▬ ╜▀ᴼ╓◊

╜▀ ╜▬ᴼ╓▀

1 < Q2 < 2.2 GeV2

0.16< x <0.22
0.58< z <0.66

3.6 < Q2 < 9.0 GeV2 0.28<xB<0.70 

0.22<xB<0.28 

0.16<xB<0.22 

0.05<xB<0.16 

deuteron mutiplicities



Coherent Deuteron DVCS

ǒ 35 runs - pass0v16 (ñDNP cookingò, ~25% of spring)

ǒ ed Ÿ edɔ

ǒ Exclusivity cuts for events with Ὓ in FT:

ƺ EX(edŸedɔX) < 2 GeV

ƺ pt< 0.5 GeV/c

ƺ 2-dimensional cut on ɗὛ,xvs MX
2(edŸedX)

ǒ Similar cuts for FD

ɔ in 

FT
ɔ in 

FD

combined

ɗὛ,xvs MX
2(edŸedX)

Transverse momentum

ȹű plane ȹű plane

MX
2(edŸeX) MX

2(edŸeɔX)

J. Dickovick, 

A. Biselli

B. (Fairfield U.)

First -time 

measurement

edŸedg
Ÿ



Hard exclusive  ˊ
0

production on the neutron

Paul Naidoo & Daria SokhanïUniversity of Glasgow

#events = 1489

ɛ = 0.134

ů = 0.013

= 0.055ὃ
¸ Channel: eDŸ eônố

0
(p

spect.
)

¸ Motivation: 

¡ DVCS and DVMP with proton and 

neutron targets needed for flavour 

separation of GPDs

¡ Exclusive ˊ
0

production is sensitive to 

transversity GPDs

¸ Cuts (work in progress): 

¡ 3ů ˊ
0

mass

¡ ɗ
eɔ

>  8ĩ

¡ ŭū
Trento

<  5ĩ

¡ MP
eD->eôpôɔɔ

< 0.7GeV

¡ Q2 > 1 GeV2/c4

¡ -t < 1 GeV2/c4

¸ Optimisation of exclusivity cuts ongoing.

¸ More statistics needed for higher-precision result.

First -time 

measurement



Measuring the neutron detection efficiency (NDE) needed for 

quasi-elastic e-n ▄╓ᴼ▄▪▬

Plateau at Ἒ╓╔ Ȣ
Ȣ █▫►▬□□ Ȣ╖▄╥

CLAS12 (PCAL/ECAL)

CLAS

Analysis status:

Å Using RG-A data from fall 2018 (pass 1 cooking) ~ 359 runs

Å Use ὩὴO Ὡˊ ὲ as a source of tagged neutrons in the 

calorimeter 

Å NDE ~ 0.74 at the plateau (pmm > 3.5 GeV)  for outbendingand 

inbendingelectrons 

Å CLAS12 measurement reaches higher efficiency thanks to PCAL.

Next steps: 

Investigating the accuracy of both the numerator and denominator of 

the efficiency ratio to determine the shape of the background in 

simulation.

Simulate events using  

SIDIS and  

A0/MAID2000 event 

generators. Preliminary 

comparison with data 

from the SIDIS 

simulation is shown 

here.  

inbending SIDIS 

simulation 

inbending Real 

data 

inbending SIDIS 

simulation 

inbending Real 

data 



Measurementof BSA for nDVCS-BH 

with 3 different beamenergies

RG-B ranat 3 differentbeamenergies: 10.6 GeV, 10.2 GeV, 10.4 GeV

Can wecombine (and how?) the BSA extractedfrom the 3 sets? 

VGG model (nDVCS+BH): 

Å 3 beamenergies

Å sameset of 3D 

kinematics (Q2, xB, -t)

Å computedBSA and 

cross section vs f

-t0 1.2



Ratios of BSA: 10.2/10.4,10.2/10.6



Ratios of BSA: 

10.2/10.4,10.2/10.6



Ratios of BSA: 10.2/10.4,10.2/10.6



Ratios of BSA: 10.2/10.4,10.2/10.6



Ratios of cross sections: 10.2/10.4,10.2/10.6



Ratios of cross 

sections: 10.2/10.4,

10.2/10.6



Conclusions on beam-energiesimpact on nDVCS

Å The BSA is lesssensitive thanthe absolutecross section to the variations of beam

energy

Å Dependingon the kinematics, the BSA varies from a % to 20-30% (especiallyfor 10.2-

10.6)

Å Strongvariations of the CS impact the definitionof the central kinematicsof eachbin

Å The edgesin fare the mostaffected(thatôswhereBH dominates), but at the highestQ2

the effectis over all f

Å It will needto berestudiedwith a more realisticgrid of bins

Å Definition of central kinematicsof the binsquitecrucial and not trivial



Run Group B spring 2019 run

Running conditions:
Å 10.6ï10.2GeVbeamenergy

Å Torus inbending

Å Production current: 35 nAŸ 50 nA

Å Event-weighedaveragecurrent: 47.9 nA

Å DAQ rate: ~14 kHz

Outcome:
Å Original schedule: 1/30 ï3/10

Å Final acceleratorschedule: 2/8 ï3/17

Å Actualdaysran: 2/8 ï3/25 (thanksto RG-Aôskindness!)

Å 21.7 PAC daysaccordingto ABUs (48.4%)

Å 237 good production runs

Å ~9.7 B triggers at 10.6 GeV, ~11.7 B at 10.2 GeV

79.6 mC gated

88.6 mC ungated

10.6 GeV 10.2 GeV



Run Group B fall 2019 run
Running conditions:
Å 10.4GeVbeamenergy

Å Torus outbending

Å Production current: 40 nA

Å Event-weighedaveragecurrent: 38.8 nA

Å DAQ rate: ~24 kHz

Å ~1 dayat 2-pass for BAND

Outcome:
Å Accelerator schedule: 11/25 ï12/19(shouldbeupdated)

Å Actualdaysran: 12/3 ï12/20 

Å 6.7 PAC daysaccordingto ABUs (39.6%)

Å 91 good production runs

Å ~9. B triggers at 10.4 GeV

21.7 mC gated

26.1 mC ungated



Run Group B winter 2020 run

Running conditions:
Å 10.4GeVbeamenergy

Å Torus inbending

Å Production current: 40 Ÿ 50 nA

Å Event-weighedaveragecurrent: 45.1 nA

Å DAQ rate: ~19 kHz

Outcome:
Å Accelerator schedule: 1/10 ï1/29

Å Actualdaysran: 1/7 ï1/29 

Å 10.5 PAC daysaccordingto ABUs (43.6%)

Å 181 good production runs

Å 12.9 B triggers at 10.4 GeV

35.2 mC gated

39.9 mC ungated


