CLAS12 Run Group B
Electroproductionon deuteriumwith CLAS12

Physicsgoals

RG-B experiments

Overviewof the dataaking
Analysisupdates ang@reliminaryresults
Beamtime request

Too J>o T To Do

1) Isthereanynew informationthat wouldaffect thescientificimportance or impact of thexperiment
sinceit wasoriginally propose@

2) If theexperimenthasalreadyreceiveda portion ofits allocatedbeamtime and/ornis on thepresently
publishedacceleratorschedulethespokespersonshouldprovidean analysisof the existing data set
the projectedresult for anyadditionaltime on thgublishedscheduleand theprojectedresultfor the
completedata setincludingall remainingunscheduledime. The goais to show thghysicsimpactof

the respective data sets.
3) Shouldthe remainingbeamtime allocation anaéxperimengradebereconsidered
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CLAS12 Run Group B: experiments

DIS (for SRC ; nDVCS e
and EMC effect) :

Elastic SIDIS (for

Scattering ,. ; PDFsand TMDs
(G"w) photoproduction
E1207-104  Neutrommagnetidorm factor @lfoyle A- 30
E1209-007a Studyof parton distributions in K SIDIS W. Armstrong A 56
E1209-008 BoeiMuldersasymmetryin K SIDIS Nlontalbrigo A- 56
E1211-003 Deeplyvirtual Comptonscatteringon the neutron Niccolai A (HI) 90
E1209-008b Collinearnucleonstructure at twis8 indi-hadronSIDIS M. Mirazita RG
E1211-003a In medium structufenctions SRC, and the EMEffect O.Hen RG
E1211-003b Studyof J& photoproductioroff the deuteron Y. llieva RG
E1211-003c Quastreal ghotoproductioron deuterium F. Hauenstein RG (*)

Commonfeaturego all experimentof RG-B: (*) JoinedRGB from fall runonwards

A Liquid deuterium target
A Beamenergy. « 11 » GeV



Run Group B running time

Scheduledbeamtime:
Spring: Febuary6th - March 25th 2019
Fall: DecembeBrdi 20th 2019
Winter: Januaryéthi 30th 2020

43.3 B triggerscollectedat 3 different beamenergies

A 10.6GeV (9.7 B inbending spring

A 10.2GeV(11.7B inbending spring

A 10.4GeV (9 B outbendingfall, (12.9 Binbending winter

Averagebeampolarization ~86%

38.9 total PAGdaysaccordinggo ABUs
Y 43.2% of the approved 90 PAC days
51 PAC daysleft to run

Status of data processing:

A spring dataset calibrated

A spri ng doopetedBem29)
A fall dataset: calibrationsnderway
A winter: preliminary calibrations

Experimental setup:

A Baseline CLAS12

A Liquid deuteriumtarget

A ForwardTagger

A RICH (1secto)

A Central Neutron Detector
A BackwardNeutron Detector

All resultspresentedn this talk comefrom the spring dataset
~50% of all the dataakensofar




Interest of DVCS on the neutron

1.4 1
—AXxXdXH(Xx,t=0)+E(x,x,t=0)=J==D S-DL
S RxaX(H( ) +E( )=3="

Polarizedbeam unpolarizedarget

A combinedanalysisof DVCS observables for
proton and neutrotargets
is necessaryor flavor separatiorof GPDs

(H.E),(r.x,t) = 9 [a(H E),(ex.0) - (H,E), (x,x.1)
(H.B)a(x,) = Y gld(H E), (xx.1) - (H,E),(xx.1)]
(pd)

The beamspin asymmetry for nDVCS is
the most sensitive observable to the GPD E
Y Jisumrulef or QuAlguld s 6
Momentum

Ds,, ~sinf ImMFH +x(F, +F,H +kREjdf "> Im{H,, H, E_}

Unpolarizedbeam transversely polarizetrget

Neutron

Ds,; ~cosf Im{k(F,H - FE) +..Jdf ——> Im{H,, E;} Proton

The BSAfor nDVCS:

Ais complementaryo theTSA for pDVCSontransverse target aiming ate
Adepends strongly on thénematicsihwide coverage needed

Ais smallerthan forpDVCSY morebeam timeneeded to achieve reasonable statistics



tav onpy DVCS on the neutron In HaIIA at 6 GeV

D(e.e'v)X — H(e,e'v)X = n(e,e'y)n+ d(e,e'y)d + ...

D s~ sinf Im{F,H + x(F;+F,)H -kF,E}

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

Q=1. 9 2an@xg=0.36 'V

AE03-106: Firsttime measuremendf D g, for nDVCS,
no neutrondetection
Amodetdependenextraction of],, J

Thesepioneeringresultsunderline the
importance ofnDVCSfor GPD physics and point
to theneedfor a dedicatedhDVCSexperiment
with neutron detectionand wide coverage
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Hall-A experiment E08-025 (2010)

A Beamenergy« Rosenbluth> separatiorof
nDVCSBH CSusingtwo beamenergies

A First observation of nczeronDVCSCS

A M. Benali et al,, Nature 16 (2020



First-time measurement of BSAfomDVCS s os2s

. . . . <€
with exclusivefinal state selection:

A Eventswith at least onelectron, neutron, photon

A Thechosen combination in each event is the one
satisfying at best the exclusivityiteria on:
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A 55188nDVCSeventcandidates

A RawBsA integrated over akinematics andtopologies

A 10.6GeV and 10.2 datacombinedL

A Includesa chargedparticle vetobased on CND and CTOF

information

A work ongoingon p° subtractionfiducial cuts

et cé

A. Hobart, K. Price, S. N.IJCLab Orsay)




Q@ bins(GeV)

NnDVCS raw BSA vsf in 1-dim. bins
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*™™  Projections for nDVCS vsf

INn 3-dim. bins

[4,inf]
-t bin [0,0.35]Ge\?
Data-driven projections for theexpectedincertainties
startingfrom currentyield per bin (Y):
A expectedyield for all existingRGB data (Y*2)
3.4] A expectedyield for 90 PAC days(Y*4)
' A AssignedAsi"t=0.05for all (Q2, xg, -t) bins
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@?bins

| In 3-dim. bins
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Incoherent pDVCS on deuterium & d &pgn)

A Events withat least onelectron, proton, photon
are selected (PID + kinematic cuts)

A The chosen combination in each event is the one 1%

satisfying at best the exclusivity criteria:
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First-time measurement
Interest of pDVCS on deuterium:
A In itself: nuclearmediumeffectson proton
structure
A FornDVCS to evaluateFSI, comparingto
freepDVCS
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A 2020720dentifiedpDVCScandidates

A Raw BSA integrated over dtinematics anddetection
topologies

A Compatible with raw BSAfrom pDVCS in RGA

A nDVCS and pDVCS yields scale agxpected:
(CS*eff),~40(CS*eff),

A Work ongoingon p° subtractionfiducialcuts et c é

A. Hobart, S. N. [JCLab Orsay)



PDVCS raw BSA vsf
In 3-dim. bins

Q@ bins(GeV)
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pDVCSraw BSAvsf = i
Q2 bins(GeV) In 3-dim. bins ol
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pDVCSraw BSAvsf -

Q@ bins(GeV)
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Gy/m Gy

Goal: Extract 111 at high Q?using the ratio of quasi-elastic en and quasi-elastic ep on deuteron:=|

—i

Measurement of the Neutron Magnetic Form Factogl at
High |k Using the Ratio Method on Deuterium

I‘l\lllllllll
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90-days RGB run time will extend the

reach in Q? where no data exist with
high statistical precision

Analysis status:
A UsingRG-B data from sprin@019 to extractjuask

astic ep andenevents

UsingRG-A data from fall 2018 to measuneutron
detection efficiencywith thee p Yp& channel

Neutron Definition Efficiency
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Raue(FIU), G. Gilfoyle (U. Rich.),L.C. Smith (UVA) 15



Di-hadron Multiplicities

Number of di-hadron pairs per DIS electron
@ o Qa0 QD
b (@D ) g

G (© |'Oﬁ (@) )| «—— Di-hadron unpolarized Fragmentation Function (FF)
It enters in the denominator of every asymmetry

Assuming isospin symmetry, the analysis d¢fydrogenand
deuterium data allows the extraction of u and d FF

0, o % &) O (% %)

b Q K;Y kinematic factors
| Do %) b (e -a) The PDF f;, of the proton are known
Ofp o©

L
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s IM(L.00<Q2<2.20)(0.00<pt2<0.50)(0.16<x<0.22)(0.58<z<0.66)
T T T T

. 015 D6<x<02d] Di-hadron Multiplicities
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0_1:_ | protoh ......... _: Proton | - 1< Q2 < 2.2 Ge\?

deuteron WWL
vk A 4D analysis inxg, z,M, jand Q?

A DIS cuts: Q2> 1, W > 2, y<0.8
A SIDIS cuts:x-*" >0, 0.1 < z < 0.95,
MM>1.1
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Completion of the run will provide about x5 morestatistics, allowing: U 1%g 0
A improved sensitivity in the high x and high G region T
A better precision in extracting D¢ 1% Jmp ®
A access to TMD addingp; dependence (5D analysis) 17



M.D. Baker, A. Freese, L. Guo, Ch. Hydeé,llieva, B.
McKinnon, P. NadelTuronski, M. SargsianV.
Kubarovsky, S. Stepanyan N. ZacharioyZh.W. Zhao

Studyo f

Bhbtgproduction off Deuteron

All data from Spring 2019

103 |

102 |-

events

e d YeX !
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e'e : :
100 :
~ 450y :
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101 T T - N R
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4.0

Q1: Impact of experiment remains as high as in
2018 priginally proposed.

A The qu ePsentamuarlsigraldnphotoproduction
remains unresolvedleutron channas critical given that no
positive signal in the protochannel habeen reported from
Halls D and C.

AThis experimentemains thesolenearthreshold exclusive
studyworldwide of rescatteringand coherenphysics

2. Data analysisand receiveddata
Inclusiveyield (Spring2019data)~450J / (g'€). Analysis
Is in progresdor theexclusivechannels
APentaquarIstudy. receivedonly 11% of requested®0 days
dueto energydrop.
Coherentand incoherent study received only 22% of
requeste®0 daysdueto energydrop.
AEb! 10.6 GeVis crucial for all of the J / ngsearch
AThe complete data are essentialfor the extraction of
differential cross sectionsneededto deliver the physics
goalsof experiment

Q3: No request for reconsideration of allocated
beam timeor assigningscientific ranking (remains
Run Group Proposal).
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Study bound proton structure Lo
by taggingthe neutron ~ "“““-~- ............
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Conclusions andoeamtime request

RG-B aimsat mappingthe 3D structure of the neutronvia electroproductioron deuterium
Quark-flavor separation of themeasuredtructurefunctionscombiningwith proton data

The first «half » of RGB runningendedon January30

~38.9 PACdayscollectedout of the 90 PACdaysapproved for nDVCS
Threedifferentbeamenergiedor the 3periods

The Springdatasehas beeralibratedandreconstructed~50% of thecollectedstatistic$
Calibrationswell advancedor Fall andWinter datasets

Physicsanalyses in googhape n/p/dDVCS, G",, Di-hadron SIDIS,Jl , TaggedDIS, n/pDVMP(p°)
Analysisof K-SIDIS inprogres§RG-A beinganalyzedirst)

Wereguestthe PAC to allow us torun the remainder51 daysof our approvedcbeamtime:

V

< < <

< < <

Wewill measurethe BSA fornDVCSin 4-D (@2, Xg, -t, f) with acceptablestatisticalerrors, exploiting
the full availablephasespace andpossiblyat a constanbeamenergy thus deliveringthe originally
proposedohysicsoutput andproviding unprecedenteaonstraintson the GPD E

Wewill achievehigh precisionat high @ for G",, whereno other dataexist
Wewill triple the statisticsfor K-SIDIS, as the 51 moreayswill run with 2 RICH sectors

Wewill allow preciseextraction of the Dihadron FF for u and d quarks via the firstime measurement
of di-hadron multiplicities

Wewill providea first-time measuremenof J/y photoproductionon deuterium
Wewill perform a multi-dimensionalstudyof SRC on aoundproton
Wewill providefirst-time pioneeringmeasurement$or new channels(d-DVCS, nDVMP(#°))
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Experimental setup




CND beta

Data quality of RGB data
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CND: performanceswith CLAS12 data

Purpose detectthe CND design:scintillator barrel - 3 radial
Requirementperformances layers, 48 bars per layeoupled two-by-two
Agoodneutron/photorseparatiorfor 0.2<p.<1 GeV/c downstream by & tf u r lighiguide, 144
Y ~ 1pStine resolutionV (~160ps) long light guides witfPMTs upstream
Amomentunresolution dp/p < 10% V

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

P. Chatagnonet al, NIM A 959 (2020) 163441
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BAND: performance with CLAS12

Goal: detect recoll spectator neutrons from DIS on proton in

deuterium

Arequires photon separation far ¥ TR T® GeVic
Arequires neutron efficiency ~30%
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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:

A improved sensitivity in the high x and high Q2 region
A better precision in extracting D,

A access to TMD addingp; dependence (5D analysis)
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Hard e x ¢ | u gproduetion on the neutron

Paul Naidoo & DariaSokhani University of Glasgow
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Measuring the neutron detection efficiency (NDE) needed for

. . o
quastelastic en g

Analysis status.

A UsingRG-A data from fall 2018 (pass 1 cooking) ~ 359 runs

A UseQrP Q° ¢ asa source of tagged neutrons in the
calorimeter

A NDE ~ 0.74 at the plateap,,> 3.5 GeV) foroutbendingand
inbendingelectrons

A CLAS12measurement reaches higher efficietiggnks taPCAL.

Next steps:

Investigating the accuracy of both the numerator and denominator of

the efficiency ratio to determine the shape of the background in
simulation
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Measurementof BSA for nDVCS-BH
with 3 different beamenergies

RG-B ranat 3differentbeamenergies10.6GeV, 10.2GeV, 10.4GeV
Canwe combine (and how?) the BS¥tractedrom the 3 sets?
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Ratios of BSA:10.2/10.410.2/10.6
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Conclusions onbeam-energiesimpact on nDVCS

A The BSAis lesssensitivethanthe absolutecross section to the variationstam
energy

A Dependingn thekinematics the BSA variesrom a % to 2630% (speciallyfor 10.2
10.6)

A Strongvariations of the CS impact tliefinition of the centrakinematicsof eachbin

A Theedgesn f are themostaffected(t h anwheieBH dominate} but at théhighestQ?
the effectis over allf

A It will needto berestudiedvith a morerealisticgrid of bins

A Definition of centralkinematicsof thebins quitecrucial and not trivial



Run Group B spring 2019run

Running conditions: Physics Time Accounting Full Screen || Export ~
A 10 6.|. 10 ZGeV beamenergy Hall B Beam from February 8 - March 25, 2019 (07:00 - 07:00)
A TorUSinbending [] asu 522.8 (48.4%)
A Productioncurrent 35nAY  5n@ E . (‘”Z":
A Eventweighedaveragecurrent 47.9nA = —
A DAQ rate ~14 kHZ - OFF 10.5  (1.0%)
Outcome: [] unknown 720 (6.7%)
A Originalschedule1/30i 3/10
A Finalacceleratoschedule2/87 3/17
A Actualdaysran 2/8i 3/25 thanksto RG-A dksndness)
A 21.7PAC daysaccordingo ABUs (48.4%)
A 237 good productioruns
A ~9.7 B triggers at 10.6 GeV11.7B at 10.2GeV
start date: 02/08/2019 end date: 03/25/2019 79.6 mCgated

Accumulated beam charge [IPM2C21A] 886 mcungated =

g 10.6GeV 10.2GeV o

8.Feb 10.Feb 12.Feb 14.Feb 16.Feb 18.Feb 20.Feb 22.Feb 24.Feb 26.Feb 28.Feb 2.Mar 4.Mar 6. Mar 8. Mar 10.Mar 12.Mar 14.Mar 16.Mar 18. Mar 20.Mar 22. Mar 24. Mar 26. Mar

beam charge taken during shift - gated charge - ungated charge



Run Group B fall 2019run

Running conditions: Ly — T

A 10.4GeVbeamenergy
A Torusoutbendlng Hall B Beam from December 3 - 20, 2019 (07:00 - 07:00)
A Productioncurrent 40nA g e e e
A Eventweighedaveragecurrent 38.8nA = :::U 1:: (;:Z::
A DAQ rate: ~24 kHz B S
A ~1dayat 2pass for BAND —_— P——
Outcome: ] unknown 16.0 (3.9%)
A Acceleratorschedule11/25i 12/19(shouldbeupdate
A Actualdaysran 12/3i 12/20
A 6.7PACdaysaccordingo ABUs (39.6%)
A 91 good productioruns
A ~9.B triggers atl0.4 GeV
start date: 12/02/2019 end date: 12/20/2019 21.7 mCgated
Accumulated beam charge [IPM2C21A] 26 l mCUngated =
1 600k 32

beam charge taken during shift -8 gated charge == ungated charge



Run Group B winter 2020run

Running conditions:

10.4GeV beamenergy
Torusinbending

Productioncurrent 40 nX 50
Eventweighedaveragecurrent 45.1nA
DAQ rate: ~19 kHz

utcome
Acceleratorschedule1/107 1/29
Actualdaysran 1/771 1/29
10.5 PACdaysaccordingo ABUs (43.6%)
181 good productioruns
12.9B triggers atl0.4 GeV

To o T To Do () Do Do I I Do

start date: 01/05/2020 end date: 01/30/2020

Accumulated beam charge [IPM2C21A]

1 200k
200k
600k

300k

accumulated charge per shift [nC]

6. Jan 8. Jan 10. Jan 12, Jan 14. Jan 16. Jan 18. Jan 20. Jan 22. Jan

beam charge taken during shift -8 gated charge - ungated charge

35.2 mCgated
39.9 mCungated

24. Jan

26. Jan

28. Jan

30. Jan

36

24

¥
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