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Refereed Physics Publications

Spectroscopy | Hard Scattering | Nuclear ALL s IEa
2000 1 1 2 S B
2001 2 3 5 5
2002 3 1 4 = M
AR - n 1 = = —
2004 3 3 r T . I T
2005 7 3 > 9 . EEETT
2006 8 4 3 15 - 20000
2007 7 2 3 12 c I
2008 4 6 2 12 -
2009 8 7 4 12 .
— . 2 - E ©
2011 3 1 4 8 S
e - 3 > - .. ———
== 2 = > = - T
2014 5 5 1 12 © EEEENTTT
2015 4 5 3 12 C T
2016 7 7 - I
2017 12 7 1 20 s
L = ° 2 —~ . T T
2 ‘ Z : : .
2020 5 1 2 8 = ————
2021 2 4 1 7 ©

C

SUM 116 66 46 228 =

e +| CLAS paper submitted to Nature
e 2 CLASI2 papers submitted to PRL

updated 03/01/2021
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Conference Presentations

CLAS Talks

Total: 2612

---------- 124 -=====———-

114

Source: CSC
updated March | 2021
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Conference Presentations Hall B
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Source: HPS & PRAD wiki updated March | 2021

2 Office of

ENERGY | science » Jefferson Lab



Hall B highlights

= CLASI2 physics runs:
= RG-A (I3 proposals, |39 PAC days) - partial -
= RG-K (3 proposals, 100 PAC days) - partial -
= RG-B (7 proposals, 90 PAC days) - partial -
= RG-F (BONUS, 42 PAC days) - concluded -

= Continued flow of results from Hall B (CLAS+PRAD+HPS+PRIMEX..)
=~ 230 physics papers in peer reviewed journals (> 14,000 citations)

= 4 papers in Nature (+| Nature Phys.), | paper in Science
= >2,600 conference talks (~ 1,660 invited)

= Specialized Hall B experiments
= PRAD experiment — results published in Nature
= PRIMEX - results published in Science
= Heavy Photon Search

2 ENERGY Jefferson Lab
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Nuclear interaction via e-scattering

Hall B
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Counts

= CLAS6 data mining activity
» Electron-nucleus scattering to test nuclear interaction
= Short range correlations up to 400 MeV/c (relative p)

= Transition from spin-dependent tensor force to spin-
independent scalar force

» Access to nuclear force in extreme conditions (nheutron stars)
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Nature volume 578, pages 540-544 (2020)

Probing the core of the strong nuclear

interaction

https://doi.org/10.1038/s41586-020-2021-6

Received: 21 August 2019

Accepted: 10 January 2020

A.Schmidt"?, J. R. Pybus', R. Weiss?, E. P. Segarra', A. Hrnjic', A. Denniston’, O. Hen'=,
E. Piasetzky?, L. B. Weinstein®, N. Barnea®, M. Strikman®, A. Larionov’, D. Higinbotham® &
The CLAS Collaboration*

Published online: 26 February 2020

% Check for updates

Thestrong nuclear interaction between nucleons (protons and neutrons) is the
effective force that holds the atomic nucleus together. This force stems from
fundamental interactions between quarks and gluons (the constituents of nucleons)
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EG4 results Hall B
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Measurement of the proton spin structure at long distances

e Lattice or EFT to describe QCD at long distances (non-perturbative). Spin observables can challenge XEFT, widely used to describe other observables
* Spin-dependent xsection in nucleon resonance region at very low Q2:E=1.1GeV - 3.0 GeV, NH3 DNP (longitudinal) target PT~75%-90% + Pgean~85% + €’ in CLAS

16 M2
QG

202
QQ

[(Q%) = 10(Q%) =

/-To [A1(, Q?)F (z, QQ)] dz, / i 22 Aq(z, Q*)Fy(z, Q%)dx,
0 0

Q2=(0.131,0.156) GeV?

Q2_(() 011.0.016)GeV?2

- ¥ P IR 0.1 i e o oo e = 1.0
g u—,]_ # -I| L g] i : [ ° Th}s work (full integral) / —,rE ----------- Parameterization ezzz2 Bernard et al.
O P I_:[# i fr a0l © This work (measured range only) ."/ = 05k sffemmta == Alarcon et al.
_ n # +T+ 0 b g # I#Tﬁ#l £Il.. | ’I-l"lt'" Y9~ w Ferschet al. (full integral) 9'?:? §
R _**—V"M R I — * ) —
_0'5_ ++ | *3 + + : - Alarcon et al. ’/i —0.5
s - -—-— GDH slope :
e [ Burkertet al. *'i _I'OE
[ --- Sofferet al. 4 § _15 :
' 0.02  _ Parameterization {; § é # T E e This work (full integral)
1.1 1.3 1.5 1.1 1.3 1.5 1.7 i g/ -2.0 © This work (measured range only)
W (GeV) 0.0 t'! . O 0 - v Fersch et al. (full integral)
A . -25
- NGy = m Ahrens et al. (real photon)
nétilrephysics —002 __ 3 _30 :—
To be published in Nature Physics omf 0N o, BSE
P )4 0.04 | AN — Y il ] \HH\HTHHIH I
N e 1 1 1 I T T 1 | | L
0 0.04 008 0.12 0.16 0.2 10 40 5503 008 0.1 0.16 0.2 10
Q- (GeV9) Q*(GeV?)

* Good agreement with phenomenological model
* XEFT are reasonably in agreement but room to improve the theory with new CLAS data
* Theory fails to reproduce the generalised longitudinal spin polarisability Yo(Q2) (interpreted as nucleon spin-dependent response to virtual photon)

* In XPT the main contributions are: p-TT cloud and A excitation (opposite sign). Data indicate A dominance at low Q2 while the TT cloud gets suppressed by Q2
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Heavy Photon Search

(]’

Physics Analyses
* Finishing the analysis of 2016 data:

O the resonance search analyses are reviewed and approved

O the review of the vertexing analysis will be concluded soon
e Most of the calibrations and alignment work for 2019 data are done
» Getting ready for a “pass-0" production
* While no publications, in 2020 three theses completed

2020 Summer run preparation
Scheduled for 54 days (27 PAC days), starting in mid August
Mostly the previous detector with few changes:

O new FEBs

O new LO and LI sensors

O replacing the collimator

and repairs (SVT, ECal and hodoscope) and upgrades (DAQ and DQM)

SVT to be moved to the clean room for repairs, the schedule depends on the travel restrictions due to the pandemic

Similarly, shifts scheduling will depend on the allowed travels ( a large number of oversees collaborators), looking into

remotes shift taking (have some experience from the past run for running SVT)
Credit: S.Stepanyan
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Proton Charge Radius

Hall B

PRad-ll: a new and upgraded version of PRad-l. Awarded by PAC48 with A scientific
rating (40 PAC days) with C-l condition to remeasure the Proton Radius with a

factor of 4 times better than PRad

STREN G-y211]

Shrinking the proton (a featured article)

Jan C. Bernauer (Stony Brook University), Ashot Gasparian (North Carolina A&T
University), Dominique Marchand (IJCLab Orsay), Randolf Pohl (J-G Mainz University)

Introduction

Quantum Chromo Dynamics (QCD) in the non-perturbative (strongly interacting) regime
describes the physics inside nucleons and nuclel, and with that, of almost all visible matter in
the Universe. An accurate description has implications for other fields, from astrophysics (e.g.
neutron stars, baryogenesis, solar physics) to atomic physics (e.g. finite size effect
spectroscopy). The proton is the simplest stable QCD system, and it is paramount to understand
how the nucleon properties emerge from the underlying physics. The proton elastic electric and
magnetic form factors, which describe the distribution of charge and magnetisation inside the
proton, offer direct access to the proton’s intemnal structure. Their accurate knowledge is a
touchstone for QCD theory and lattice calculations.

However, even basic quantities like the charge root-
mean-square radius, given by the slope of the
electric form factor at zero four-momentum transfer
(Q*— 0), are not settled. In 2010, a 4% difference
between an analysis of a muonic hydrogen
spectroscopy experiment [1] (rp, = 0.84184(67) fm),
and both the results of the Mainz high precision form
factor experiment [2] (1, = 0.879 (5)stxt (6) s fm) and
the CODATA value [3] (1 = 0.8768(69) fm), based
on a series of normal hydrogen spectroscopy
measurements and radius extractions from earlier
scattering data, was found. Without any readily
available explanation, this discrepancy became
quickly known as the proton radius puzzle [4].

Now, ten years later, the puzzle is still not fully resolved, see [5] for a recent review. Beside
numerous theoretical explanations —none have found widespread acceptance—new data is
sparse and somewhat inconclusive. On the spectroscopy side, most measurements using normal
hydrogen [6].[7] have found values compatible with the small muonic value, but some new
measurements still align with the larger radius seen before [8]. On the scattering side, the
discussion focused on the extraction of the slope of the proton electric form factor at Q*= 0
from the cross sections via fits, and remaining questions can only be addressed with new,
precise data especially at low Q2. A new measurement demonstrated the use of mitial state
radiation, an altemative to the standard technique with fundamentally different systematics,
extending the Q? range down to 0.001 (GeV/c)? and obtaining a large radius [9], albeit with
large uncertainties. The PRad experiment [10], discussed below, pushed the Q?boundary even
lower by another factor of 10 and found a small radius. On the overlap region with previous
data, the PRad result shows a clearly different Q*behaviour. This new discrepancy, larger than
any systematic effects so far envisioned to explain the proton radius puzzle, calls into question
not only the extraction of the proton radius, but our knowledge of the proton form factors over
the whole range of Q2. It is clear that new data is desperately needed. Luckily, a series of

U.S. DEPARTMENT OF

.2 ENERGY

Office of
Science

Antognini 2013 (uH spect.) '
Pohl 2010 (uH spect.) bel o CODATA-2014 (ep scatt.)
Beyer 2017 (H spect.) ————
PRad-II
° Fleurbaey 2018 (H spect.)
-« A factor of |6 times more statistics; _
Bezginov 2019 (H spect.) r———e— —0— Bernauer 2010 (ep scatt.)
- additional beam halo blocker before the Tagger
magnet' PRad exp. (ep scatt.) » . ) J
9
. . . . PRad-ll j. —0=
- small-size veto scintillators to reject the Moller A |
events at very small scattering angles; 0.78 0.8 0.82 5 t0-84 " 0-86d_ 0-*{’: \ 0.9 0.92
. e . roton cnarge raaius r m
- 2 GEM planes for better tracking capabilities; P
- upgrade HyCal to all PbWO4 crystal based
calorimeter for better subtraction of ep-inelastic ‘
2" Halo Veto scintillators 2" GEM plane  He bag Upgraded
contribution blocker HyCal
PRad-II Experimental Setup (Side View)
Hydrogen GEMT'{lBWELL GEM-pRWELL
gas plane 1 plane 2
Statu S 2H00 Clyocoolex‘l » v HyCal
Harp 1 (]

» PhysDiv C-| Review is scheduled for March 12

= PRad Collaboration submitted NSF RI-I pre-
proposal to support the experimental setup
upgrade

e - beam
E—

= Appointed a Hall-B Task Force (PI: S.Stepanyan) to
support the C-1 Review preparation

Halo blockers

—
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PRad cylindrical E
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Credit: A.Gasparyan
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CLAS12 Data Taking Hall B

CLASI2 data taking
= from Feb 2017 (KPP) to Summer 2020 (physics runs)

* 10.2-10.6 GeV polarized electrons — Nuclear targets test (special run):
* Liquid-hydrogen target . e 10.2 GeV electrons
* ~300 mC, ~50% of approved beam time e LD2,LHe and Pb targets

e |00% of scheduled time

 6.5,7.5 GeV polarized electrons Q@ice ______________________
* Liquid-hydrogen target

. * In support of CLASI2 run group (all transverse
* ~45 mC, ~ I 2% Of aPPI’OVGd beam tlme experimZE:ts designated as High Impictfgr i-(lall Bt)

* challenge: transverse holding fields bend e- into CLAS|2!

— Run Group A:

* |3 experiments

— Run Group K:

* 3 experiments

* mitigation: small BedL « frozen-spin HD

— Run Group B:

® 7 eXPeri ments check depolarisation effects F P
. ork plan HDige In-Beam Cryostat cave-2 elevated beam line cave-1 with BOOSTER
¢ I 0'2- I 0'5 Gev POlarlzed eleCtrons Y\:Kur':gzlboosterato.S MeV, | MeV, and 10 MeV
1 1 1 * Run |: commissioning (beam line) ~19 days Run |
¢ LI q ul d-dGUte rl lim ta’ rget . * Run 2:run on U_Np.o.lgaiiz.e.d HD 1I7 daysy s
o ~ I 55 mC’ ~43/° Of aPProved beam tlme * Run 3:run on Polarized HD ~28 days

SO WO W) (TR | B
/:] 7 -

— Run Group F (BONUS):

* | experiment

* 10.2 GeV polarized electrons (+2.2 GeV for calibration)
* Gas-deuterium target +RTPC

e ~92% of approved beam time (Run concluded!) Run 2 (Oct 27 - Nov 9/2020).

* Measure the energy loss in the target from the . Kn;:uvm Joss from
heat rise in the IBC

+ Set the raster size to cover the target

* Tune the NMR

r_% U.S. DEPARTMENT OF Office of '___J A

EN ERGY Science \\_
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CLAS12 Data processing

— Run Group A: i RG-A :
e |3 experiments c::wm Spring 2018 . ?(‘0%

Start 10.6 GeV RGA data ~126mC

® [0.2-10.6 GeV polarized electrons

* Liquid-hydrogen target

* ~300 mC, ~50% of approved beam
time

beam current (averaged per § hours): 20.905aA
® gated charge: 130 _346mC

—Run Group K:
* 3 experiments RG-A Fall 2018

6.5,7.5 GeV polarized electrons

Liquid-hydrogen target

~45 mC, ~12% of approved beam time

E=10.6GeV

~99mC

— Run Group B: T
e 7 experiments i
* 10.2-10.5 GeV polarized electrons
e liquid-deuterium target RG-A Spring 2019 E=10.2GeV
® ~|55 mC, ~43% of approved beam
time

— Run Group F (BONUS):
* | experiment
e 10.2 GeV polarized electrons (+2.2 AT m: Q~ m
GeV for calljlibration) ( bttt SEu (t)t t3(|)'064§ C
* Gas-deuterium target +RTPC iy i . —————— Xpect total. m
* ~92% of approved beam time Q/Q...~ 46%

d .-..:TIIff‘ 60mC
\e' |

" U.S. DEPARTMENT OF Office of ’,_J A

.gefferson Lab
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— Run Group A:

time
— Run Group K: RGB Fall 19 2/2019 end date: 12/20/2019 21.7 mC gated
o 3 eXPerIments Accumulated beam charge [IPM2C21A] 26.1 n](,‘ ungated =

— Run Group B:

— Run Group F (BONUS):

* | experiment

* [0.2 GeV polarized electrons (+2.2
GeV for calibration)

* Gas-deuterium target +RTPC

® ~92% of approved beam time )=ty

CLAS12 Data processing

RGB Spring 19 9 end date: 03/25/2019 79.6 mC gated
Accumulated beam charge [IPM2C21TA 88.6 mC ungated =

10.6 GeV

e |3 experiments

® [0.2-10.6 GeV polarized electrons

* Liquid-hydrogen target
* ~300 mC, ~50% of approved beam

6.5,7.5 GeV polarized electrons
Liquid-hydrogen target g .
~45 mC, ~12% of approved beam time = \Led //.,./**

[r

e
O
O

e 7 experiments

* 10.2-10.5 GeV polarized electrons
e liquid-deuterium target e et e
® ~|55 mC, ~43% of approved beam — 352 mC gated
time : - end date: 01/30/2020 .
RGB WInter 20 :’\l(l.ﬁ'llltl.”l‘ltl'lH‘dll'l(}Ivil(_]l‘ [IPM2C21TA] 39'0 ll(‘ ungate(l =

|
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CLAS12 Data processing Hall B

Hall B Beam from February 12 - March 24, 2020 (00:00 - 08:00)

RGF Spring 20 O A we 2o

] BANU 107.9  (10.9%)

I sna 3209 (33.3%)

[l Acc 16.6  (L.7%)
ess: 0 (1.3%)
nknow!

nown 104.0 ([10.5%)

— Run Group A:
e |3 experiments
10.2-10.6 GeV polarized electrons
Liquid-hydrogen target
~300 mC, ~50% of approved beam
time C

—Run Group K:

* 3 experiments

° 6.5’ 7.5 GeV polarized electrons -ABU: 17.5 PAC days (1 @ 1 pass, 16.5 @ 5 pass)

L. . CI h CI - BANU: RTPC1->RTPC3 Swap, Target gas changing and purging.
d ICIUI - )’ I’Ogen tal‘get - 6 Moller runs ( Avg. Beam Pol. = 84.3 +1.5)
[

~45 mC, ~12% of approved beam time

oo

RGF summer 20 ‘D ABU 453.7 (36.8%)

\

— Run Group B:

e 7 experiments
10.2-10.5 GeV polarized electrons
Liquid-deuterium target

~155 mC, ~43% of approved beam
time

- g
AR

— Run Group F (BONUS):

* | experiment

* [0.2 GeV polarized electrons (+2.2
GeV for calibration)

* Gas-deuterium target +RTPC
* ~92% of approved beam time

- ABU: 19 PAC days (3 @ 1 pass. 16 (@ 5 pass)
- BANU: Beamline exit window replacement, Target gas changing and purging.
- 8 Moller runs ( Avg. Beam Pol. (%) = 83.1 £1.5)

r_% U.S. DEPARTMENT OF Office of '___J A
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CLAS12 Data processing Hall B

Calibration status | Cooking status Timeline for completion
— Run Group A:

| 3 experiments

10.2-10.6 GeV polarized electrons . : .
Liquid-hydrogen target In progress 60% done Spr'ln.g |8 calibration
~300 mC, ~50% of approved beam In progress

time

— Run Group K:
* 3 experiments
e 6.5, 7.5 GeV polarized electrons Goal: complete the
* Liquid-hydrogen target ) ) :
e ~45 mC, ~12% of approved beam time Completed Fully cooked Pass| reconstruction of
the whole RGA/B(/F)
— Run Group B: data sets in the next

* 7 experiments
e [0.2-10.5 GeV polarized electrons couple of months to

* Liquid-deuterium target Almost 0 i analyse the entire
e ~I55mC, ~43% of approved beam completed 90% cooked statistics available
time

— Run Group F (BONUS):
* | experiment
* [0.2 GeV polarized electrons (+2.2 ..
GeV for calibration) In progress - Start cooking in as soon

e Gas-deuterium target +RTPC as calibrations are ready
* ~92% of approved beam time

", U.S. DEPARTMENT OF Office of '___-l A
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CLAS12 Pass2 data rec preparation Hall B

EB improvement Pre-Start-Time-Fix ) Lo Post-Start-Time-Fix _
* Reprocessing of proton and deuteron target data with improved : i e S
. . . . . . . 1. 1.4 .
reconstruction, calibration, alignment and field map (including Al-supported
1.2} 1.2
algorithms) N N
* Involves already processed RGA, RGB and RGK data = | e
* Provides improved data quality to enable maximum physics output ol sk
Reconstruction: 0.4l oaf
Tracking (New CD tracking, covariance matrix tuning, Al-assisted tracking in FD, ...) | Al supported ark %300 -100 0 100 200 | %300  -100 0 100 200
. . . . . . AZ (cm) AZ (cm)
Improvements to PID (e/pi separation, matching criteria, neutrals in CD, ...)
Finalized RICH reconstruction Tracklng Particles using Al in CLAS12
Updates of other packages Track rec?nstructlon and identification with Al CVBT allgnement Proton MC ]
Calibration: G.Gavalian (Jefferson Lab) X A Bl A ioma0.508 . i Figma 0083
Improvements to detector calibrations (DC corrections to pressure dependence, ...) 8 A 8 o 8. A
o - i N 1 A k _ 2 y. _
Allgnment: Jeftegon Lab 120 aﬁ- u‘m ost_o‘ 0.20 %0 1(0 ao.lndog \\1:0“ 20 Yo 45 = nfo ;T 1.0
‘ aplp 48, A, deg
Central .tracker alignment CTOE calibration s Tiean 0007 -l | e =
RICH alignment i ' l . A
Explore improvements to FD alignment 3 . .»/ \«M ”r«'ﬂ”’(‘\\\'\— : y -
Field map: Before | ;. -6 4A-2v:.u:n 4 6 8 0 10 £ 6 -4A1vy0 u:.' 4 8 8 10 5 4 3 ZAlvzl)"‘l“ 2 3 4 5
Updated torus map based on coil full survey and field measurements sk 30 nA RG-K run 5700

[Entries 1766237

mean -0.311|

Significant progress toward pass2 e R N R | . iome 15673
Several task already completed or close to completion wertva HPOS 6 A | |
« Many in progress : :

Entrie
- e,
T

Good response to service work task offer g ,
3 |
After a JJH l
| y
. . . ‘ ..'HJ .
As soon as the new sw and calib release ready, work plan with RGs analysis I ——
° ° ° ° e, 0 Yi - S S
coordinators, Pass|-2RR committee and CCC to discuss requests and priorities ey B e
SRCLIEEE Credit: R. De Vita
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CLAS12 Data analysis Hall B

' beam singl

First multidimensional, high precision measurements of semi-inclusive Tt* beam single “‘“‘j;ji‘,',";f;,‘::jj;,‘;f‘},{;:;‘j:f;;1“:“;;‘;‘:‘;’“;igif;:;“‘;,“;j;”;’"jm
spin asymmetries from the proton over a wide range of kinematics e G . e B g ik . ol

* So far, good mapping of |D PDF (longitudinal momentum dependence) “’"Am‘“ \ .‘“‘TE‘:‘“” o
* Are the q carrying an orbital angular momentum? how is it connected to the spin of the nucleon? q correlations?

* 3-D structure accessed trough Transverse Momentum dep. Distributions (TMDs)

* Semi Inclusive DIS (SIDIS) to study the transverse structure of the nucleon

* Single Spin Asymmetries (SSA) sensitive to TMDs and Fragmentation Functions (FF)

.‘(I(Jﬁl I).

-‘ A G 1 h 'RW b, 82

.m an, 5% lLu-n- "TH. Hy 4

Hyde, ™ D.C. Irclund 551 b Jo M
A - —

\.uwud\bgd \l‘ﬂ],.
."'::':lxt)lt‘-&,
L ™ (um\“7 ll McKirmon @&

umn
\wm.x nwu‘,
—. :,"Il\'\‘,.'(uw”

e m-‘\u “‘lll "\!'.nvr,\"..“l.\A e ® H. Vodarys,'

* Beam SSA: twist-3, subleading, O(M/Q), accessible in fixed target, medium energy (~10 GeV) experiments e S
% First multi-D measurement over a wide kinematic range
% Extraction of Collins and TMD functions
First Observation of Beam Spin Asymmetries in the Process e p — e’ Tt* T1- X with "° e s im

CLASI2

* SIDIS ingredients: q in the nucleon (PDF), hadronization (Fragmentation Functions)
* Fragmentation in 2h is sensitive to several TMDs and Dihadron Fragmentation Functions (DiFFs)

* Spin-momentum correlations in hadronization
* Access to PDF e(x) (transv polarized q in a unp nucleon, tw-3) and Dihadron FF Gl-perp (helicity of fragmenting q)

‘1.’ . n
E. Voutier,*® D.P. Watts l\\\ 2 X. Wei '\IH Wood,* B\ ! N. Zachariou,* and J. Zhang®

* Complement single-hadron SIDIS, with the advantage of another degree of freedom (i G148 Comssio
% First measurement of BSA in di-h production
% Sub-leading PDF e(x) different from 0
% First helicity-deg FF G|+ observation
Credit: S.Diehl, T.Hayward, Latifa E.
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CLAS12 CLASI2 preliminary results Hall B

EXCLUSIVE PI0 ANALYSIS - RGA

TCS - ANALYSIS REVIEW - STATUS Preliminary ”{er’)' for Deeply Virtual 7° Production from CLAS12 first experimen DEEPLY VIRTUAL COMPTON SCATTERING

@ beam spin asymmetry (BSA) extracted for 5 Q?, xg bins with FD proton 'g
- <E’Y>=68 Ge\i :M>=1 79 Gev @ the ratio Z(I;OLI can be extracted from BSA by dividing on 1/2¢(1 — ¢€) i RG_A RG'K
(g 0 § @ the results are compared with Goloskokov-Kroll model calculations o . — — — Beam Spin Asymmelry _ " Beam Spin Asymmetr " Beam Spin Asymmetr
5E : 03 INb: 0*=2.67 [GeV’), x,=0.26 | INb: 0°=2.83 [GeV"), x,=0.38 N 0 o ”.’N. -.;;:Js =y l';;‘;s E Om; 3 E E On: '_L: ‘::;: E 020:: I:L:MJ:EEE
0.4 g ‘ 0.25] ClogGa OUTB: Q"=2.61 [GeV?), x =0.28 Closﬁa OUTD: G'=2.79 [GeV], x =0.38 > e Q%=3.5GeV? Pre||m|nary 4 '“‘ .? Q‘“‘ . £ ! - L~ E°T (e 178 E™T o, LS
= . J : ; 02 | 0.6/ *. Xe=0.25 results of the E YT E] i 200y gl e, | 2 °‘°?r- e,
= — : = 4 M. B 5 L W J B ., | "
First round of comments received and 0.3 = 2 i‘ o1s ; mpra 7DVCS — T — Py c2oof e DA 5% ; AE™ .. 7
Lead authors submitted responses . A B TR S of- T + 1 : 2 0. N P NEEPTEN ¥ YR xg =045 £ eeaard | L0100 el | D010} A
] s i + | 0.2- 1+ [icos L ¢ LY gt S vea < E E_ | e
o 1 008 10 LN f_ - I g : ™ p3 i, 7 LT 020 8 020} R
n|= T 7 B T e e Y0 60 120 180 240 300 360 E WS i s t a | a |
E 0 o onproemne o e 0r ot v ° 100 200 300 ° 100 200 300 0 100 200 300
oE ot : - =20 | ; @ [deg] @ [deg] @ [deg]
- ‘b IND: Q'=4.45 [GeV'], x_=0.38 1 ‘é IND: Q4,15 [GeV"], x =0.51 ‘c INb: Q"=6.70 [GeV’], x =057 s
0.1 = 0255 CIOS" ouTs: 0*=4.37 [Ge V" M3 ;Ior)‘ OUT: G=4.16 [GeV], x,=0.52 Closa OUTD: O°=6.53 [GeV?), x,=0.56 ¥ 7 9 = - * gy GVs-tat xB =0.25 03 @VS-t atxB=0.25 93 avs-tat xB =0.250
4.5 ‘+'DATA DTOI. Syst. - BH 02k | ’ ; Q=11 cevf ' of:m c‘evf . of:m cevf
—0.2E ordh oz}, Q% = 2.0 GeV® oz 1ty Q" = 2.0 GeV 0z 14 Q= 1.5GeV
= VGG, b__,=1— VGG, b__,=5— GK/LQ £ t } ‘ + I + l? t G*=3.0 GeV? ' Q*=3.0Gev? \ Q=20 GeV?
ror - P T > UsEA > USEA ot i | + .
09317702 03 04 05 06 07 08 _ oot %/ — +4/LL,_+,_ L o B (] ot} YO
C 3 ‘ ' { RN ’ LI |
INCLUSIVE CROSS SECTION - RGA T Lo KN ebeidobel bt AL ’ ° ° | I
0 02 04 06 08 1 12 14 16 1B I 02 04 06 08 1 12 14 16 18 : 02 04 06 08 1 12 14 16 18 l
TODO: b os 1 15 2 0% 05 5 o 0 os 1 15 2
e :':':::'I?:‘ I"?j:‘{o" Normatization| Anaiysis | Noto oo | uming Analysis @ Remaining systematics studies: acceptance effects from Monte-Carlo studies £ ) Raw Beam Spin Asymmetry (BSA) is extracted with BSA = asin ¢ fit
Bl e s ohecks | detsils | writing | analysis |simulation r’"? '::f" @ Finalize electron and proton momentum corrections 3 1+ cos ¢
@ Cross check
Reqﬂred atbsolute normalization: | Febray) X 1 X X XX @ Finish analysis note Requires understanding of the tracking/PID in Central tracking
. cceptances | . . . - - -
. Detector efficiencies March | X | X X X X P Requires understanding the photon/pi0 reconstruction in the calorimeter
. ';fgonstrucﬂon efficiencies ae | X | X X | x Requires understanding physics background in particular the pi0
+ Radiative corrections - X X X
* others Note: Common problems to all run groups (A, B and K) and the groups are working together
Led by Hall-B TF (N. Markov) June X X X

Single & Di Hadron Multiplicities TIMELINE DVCS ANALYSIS RG-B

Data: Fall 2018 inbending [using semi inclusive charged_oicns] -
2 2
. . y 0.25 . x° / ndf 35.53/10 0.25 { %2/ ndf 10.86/9
MC : CLASDIS on OSG. Production will end on Marchiist. E Fit function:lizllz’ a 0.1213 = 0.0018 o a 0.05228 = 0.00737
RG-A 02E ose b -0.4256 = 0.0156 '
Pass1-spring data Pass1-spring data Several talks
[common] 0.1 No n’ subtraction O No ©' subtraction o .
Defining new fiducial cuts & dying af radi ive"effects E - —
based on new MC and data usiiy RADISEN e HAPRAD. 0'05? 208 w‘th detal I s of
comparison ¥ 0
ARTICLE ofF E
: Q2> = 2.35 GeV? 0.05E <Q*> =2.29 GeV? ‘
| -0.05— <Q%> =2, eV ¢ aad =8 :
Fel ! E - - -t> = 0.42 GeV? 1
e -ﬁ a \m W Wif <t> = 0.71 Gev? oiE
. E o analyses at the
) -0.15 -015F
Studies of Acceptances Systematic Studies Analysis Note C AT E CLAS12 prelimina y
V\;ecgrrg%%alwg Submission of two analyses —02; CLAS12 _0'25_ L 2/ . '
acceptances from data and notes. E, .. . ) L - | —0.255— 1 L s L L s P | t
MC using: 025 50 10 150 200 250 300 350 0 % 0 % 20 20 W mee Ingo
exclusive: eP-> ePrm
with respect 2 DV i h R B
P> oPrX o Incoherent pDVCS on deuterium nDVCS with RGB data

Credit: Latifa E., G.Angelini, N.Markov, P.Chatagnon, A.Kim, F.Bossu, M.Defurne, F.X. Girod, S.Niccolai

# 2%, U.S. DEPARTMENT OF Offi f p—
@ ENERGY |sicd & A Jefferson Lab



A A

CLAS12 ice @UITF

*In support of CLASI2 run group (all transverse experiments designated as High Impact for Hall B)

* challenge: trans. holding fields bend electrons into the detector !

* mitigation: small BedL < frozen-spin HD

Work plan
HDice target tests at « Run 0: booster at 0.5 MeV, | MeV,and 10 MeV
UITF necessary to * Run |: commissioning (beam line) ~19 days
check depolarisation * Run 2: run on UNpolarized HD ~17 days
effects * Run 3:run on Polarized HD ~28 days

* [Run 2b: calibration purpose currently running] ‘ ~ - ‘ o ¢
HDice In-Beam Cryostat cave-2 elevated beam line

e
Run 3 (Nov 23 - Dec 17/2020): reduced NMR signals in run 2 must reflect higher HD temperatures —e—<125pA> CW,B=0.5T

—emeansnr| o HDice UITF tests summary

2 frozen-spin HD targets, eHD60 & eHD66, both starting with P(H) ~ 30 % using Thermal equilibrium NMR signals to deduce HD temperatures
H-spins flipped with AFP to eliminate hyperfine dilution T(IBC) < 80 mK, but T(HD) > 200 mK heat is certainly an issue !

(1=« Pe)=0.001

 the present state of HDice is not

Expectations going into Run 3 (from brief 2012 tests):

« Moller electrons would create a partial screening of the NMR response consequence of higher teimperatires: %81 able to SUPPOFt the required RG-
- Run 2 reduction in NMR is either due to screening, or to higher HD temperatures « dP/dt under different holding fields: &t
. chemcijce:jl tc:art;ges followingtjgn;za;ig_ngﬁ;ﬂt br:eat t:e flléjozen-;pinhstzte ot same current same temperature different atomic el pol =) 0.6 (1-Pey=0.1 H Iuminosity. |f there is another
«  provided the beam was rastered at > z, heat should not be the dominant issue Hi . . . S
« High HD temperatures (> 200 mK) result in only partial atomic 0.4 :
Run 3a. eHDGO Run 3b. ¢HD66 — electron polarization flipping electron spins have Fourier VIabIe target technology that can
beam-ON o ' SSIFSOSIARS 165 IS pass components at the H-Larmor frequencies = significant dP/dt -1 Expected: ; :
: stter 125 pA>, 188 pA peak 02t o100 mK & 1.1 T, (1-Pe) = 5 e.7 provide most of the Physics reach,
v ® |ast NMR with beam beam-ON ¢ t A> PA peak = <1eo P> O, 1.1 1, 61000, aiter O Wk <25 >CW, 1. eHD& 1
550 e C 17 e 250 e S s Y SN it should be pursue
. f : oV ) A 0 50 100 150 200 250 300 350
No evidence 30.0-18 { 07 <125 pA> CW, 1.1 T, eHD66, after 21 uC |~ 1.2 | —*— <250 pA> CW, 0.9 T, eHD66 [+ exposure time (min)
for screening of & P aperiSadatiomk 0o {4 ST N | * if alternative options are limited,
the NMR response _ B | L lees .o [T ram) Ik ‘ there are avenues worth
_ € 2004 ¢ o8t o ’ « initial dP/dt slope is flat, ) o
No evidence 5 i, A 04300 . oy -oms | o | but develops with dose investigating that may extend the
for permanent loss S 1sot’ I after 1/4nA at 160 mK € $o a ™ ' & % T(HD)=320mK, = 1 ) . Ll .
of the frozen-spin Voo PV &= T |+ but, there is no long-term Vlabl|lty of HDice targets, although
foll - 10,04 1 0.4+ 1 0.4+ i effect on the frozen-spin state .
state Toflowing ? ' , I (P, is steady with no beam) these are R&D pro]ects
irradiation S0t a® 00 SR 5.04 021 P02 t charge build-up ?
) after 1/4 nA at 78 mK o [ 1
0.0+ ——t t y = -+ 0.0 f = = = m s s e e e 0.0 -ttt ] .
0 S00 1000 1500 2000 2500 0.0 .:j, o . .:[ﬂ “ 0 100 200 300 400 500 0 100 200 300 400 500 600 700 800
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Credit: A.Sandorfy, XWei, C.Hanretty, T.Kageya, M.Lawry CLAS Coll meeting
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CLAS12 Transverse Polarized target alternatives Hall B

Transvere Polarized target alternatives L ARTaxe02aeaseed A g -0, 0 -2 er
- Hall-B Task Force appointed (E.Pasyuk) i Y
- Identified NH3/ND3 DNP target as an alternative o2 | N
- currently studying the impact on CLASI2, impact on approved physics program | :
: DVCS
Physics impact o
* A Reduction in luminosity from 5x1033 cm-2s-! to Ix1033 cm-2s-l; oy | ’ ’cmswm o | | | I
* Increase in polarization from 60% to 80%; bt b b f ] casaee ey **} l
* Change in the dilution factor from /3 to 3/17; - t(GeV) S GV
* Operating 5 sectors (instead of 6) of CLASI2 Forward Detector due to electromagnetic background; =Eo1s SIDIS V
« Removing the Forward Tagger covering small angle photons (this only affects the DVCS program); LR C'—éﬁassggfiieﬂeﬁ fg:ﬂ:gs .
* Removing the CLASI2 Central Detector (this only affects the DVCS program). < savbh b o A e
o005 |, m W aanns i
~— ! [, My
Particle background in CLASI2 £ of -4 T e it
g | N \(I)/ e ——— % l ! 4—=
s; e w0l :
_ [ Regon 'E- J.SE s region loccupancy: 1.37 % 0.05 : : L4 ® ‘ .
:o' 5! o 83' .-' ? co“l'“',‘O.:'.o‘.:.'.‘. I
- * § 25 . . ™ - . . 0 -V-.—--——————_ i Al --J_—--‘:-. ---------------
§ Luminosity = 10* 2:_ g = 107 -0.05 - T =
§ 3: ’6: 0.1 # =~ : ﬁ
(@) - N N a r———————& . |
2 S 005 4 T 7 || |
; * . +_0 = 0.5? s » : 4 ; {{T T , : % | :l + o !
1 — e TN "é“i‘"‘é““:‘.““a““s““é ' 0{'::'4-5-“ A ":*31‘"*1”{;'-;3‘}:T‘ﬂf‘*"}"“'
L R S T R S Sector 005 H
Sector CLAS12 - Unpolarized Hydrogen Target -0.1 I - l | ' J
CLAS12 - NH3 Transverse Target " ) 0 0.25 0.5 0.4 06 0 0.5 1 1.5
X z P;[GeV/c]
A significant contribution to these studies is based on the studies so far an overall factor 10
ted f RG-H less in statistics
C.Keith, E.Pasyuk, S.Stepanyan, Latifa E., F.X.Girod, M.Ungaro, H.Avagyan eéxpected from B
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CLAS12

TJNAF biennial Science and Technology (S&T) Review, July 7-9,2020

CLASI2
+ demonstrated to exceed the expected performance
* Room for improvement for alignment, calibrations and efficiency
Data reconstruction
+ Started massive cooking of 2y of data
+ Sofar:
—  13.5B triggers
— 0.3PB raw —40TB DST —25TB skimmed
—  4M corel/hrs processing time

— 600k jobs processed by JLab farm (SWIF) with 6 corrupted files ...

IT resources
* Docker containers for RecSVV distribution

* Off-site resources: OSG + INFN + UK for CLASI2 simulations

Machine Learning for CLASI2

* Tracking: speed (6x)

* Clustering

* RecSVWV handles both conventional and Al algorithms (validation)

* Expected improvement in efficiency and resolution
* Future: on-line reconstruction

Review outcome
+ Status of HDice tests (mid October 2020)
* Alternative options for a transverse pol target (Mid Jan 2021)

Credit: V.Ziegler

==
\ Nuclear lnst. and Methods in Physics Research, A B
e
The CLAS12 Spectrometer at Jefferson Labaratory -

Future plans

* High Luminosity upgrade: staged approach (TF),
requires higher granularity tracker (GEM?)

* Streaming RO: first test in Feb performed using
the FT-Cal, application of Al algorithms

.
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Double cluster 110 mass as obtained by an
unsupervised hierarchical clustering algorithm
implemented in JANA framework by C.Fanelli

Two recommendations:

|. Carry out the UITF tests of the HDIce target as soon as possible.

DOE-NP no later than October 15, 2020

2. Develop a definite plan for moving forward the transverse polarized 3D imaging
measurements in parallel with HDIce testing. The plan should consider options
for alternate targets with an analysis of the scientific impact and the timeline for
carrying out the PAC approved experiments. Submit to DOE-NP by January 15,

2021

Office of

r-% U.S. DEPARTMENT OF
4 Science

'ENERGY

Report to

Science & Technology Review

HD-ice/UITF tests status (PART-2)
V2.7 Feb 4 2022

Summary

This document is the follow-on of the ‘HD-ice/UITF tests status” document provided in response to a
recornmendation from the 2020 TINAF biennial Science and Technology Review to “Carry out the
UITF tests of the HDige target as soon as possible. Report to DOE-NP no later than October 15,

HD-ice/UITF tests status

V4.2 0ct 14 2020

Summary
This document is in response to @ recommendation from the 2020 TINAF biennial Science and
Technology Review to “Carry out the UITF tests of the HDIce target as soon as possible. Report to
DOE-NP no later than October 15, 2020.” The document describes the status of the frozen-spin HD
target (HD-ice) tests at the new JLab Upgraded injector Test Facility (UITF) and plans to validate the
proposed technology.

BACKGROUND:

The JLab physics program requiring a transverse polarized target (Hall-B Run Group H or RG-
H), proposed the HD-ice target as the leading technical option. Experiments in RG-H received the
maximum scientific rating (A} by JLab PAC 38 and 39, and were designated as high scientific impact
for Hall-B, but were conditionally-approved (C1), subject to the ‘successful demonstration of viable
performance of an ¢HD test’.

The proposed HD-ice target makes use of an intense magnetic field (15 T) and low
temperature (T~ 10 mK) to polarize the proton and neutron in HD up to P.~60% and P,~20% vector
polarization; (subsequent RF manipulations can be used to adjust the spin populations to produce
P.~20% and P.~40%.). Other than the material of the containment cell and Al cooling wires, the
target contains no unpelarized nucleons that would dilute the polarization asymmetry. The sample
is brought to high polarization in a lab separate from the experimental hall. The advantage of this
technique is that once a frozen-spin state has been reached, to maintain the polarization during
beam-on operations requires only a small B dL, (of the order of % Tm). This is particularly useful for
an electron beam run since the transverse holding field necessary to hold the polarization, bends
electrons into the detector producing background and impacts the achievable luminosity of the
experiment. When exposed to a charged particle beam, the HD-ice target can undergo
depolarization related to beam particle energy loss as well as by mechanisms different from
conventional targets. The polarization lifetime determines the applicability of this technigue to run
an experiment and quantifies the overhead required for target replacement and re-polarization in
the external cryostat/field.

An assessment of the HD-ice target lifetime with a multi-GeV photon beam was determined
during the last CLAS run in the 6 GeV era (the g14 run) in 2011-12, resulting in a value (~2 years)
compatible with operations with neutral particle beams. Some preliminary tests performed during
£14 exposing the target to a 6 GeV electron beam, were not conclusive and called for a new set of
tests to validate the use of the HD-ice target with an 11 GeV electron beam.

Due to the complication in running these tests in the experimental hall related to the
installation of the HD-ice apparatus and the interference with the approved physics program,
Jefferson Lab decided to conduct the tests at the Upgraded Injector Test Facility, which provides up
to a 10 MeV CW electron beam. While the energy lost by the beam in the target is dominated by
bremsstrahlung, which rises rapidly with incident energy, the resulting photons have no effect on
polarization. However, potential depolarization effects can result from the ionization and energy
deposition following Moeller scattering from the molecular electrons of HD (~2 MeV
deposited/electron in 5 cm of HD); but this is almost independent of the incident beam energy in
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Hall B

|. Results of Run0 and Runl reported

to DOE in October. Run2 and Run4
at the end of January

2. Alternative options for RG-H sent to
DOE by mid January. A new report

with impact expected for June.

Transversely polarized target options for CLAS12
V2.9 an 15, 2021

Summary

This document is in response to a recommendation from the 2020 TINAF biennial Science and
Technology Review to “Develop a definite plan for moving forward the transverse polarized 3D
imaging measurements in parallel with HDlce testing. The plan should consider options for alternate
targets with an analysis of the scientific impact and the timeline for carrying out the PAC approved
experiments. Submit to DOE-NP by January 15, 2021". The document reports status and preliminary
results of a study to assess possible transversely polarized target options for CLAS12, the envisaged
timeline and the impact on the planned physics program. Three configurations of dynamically
polarized solid ammonia, NH3, are considered. The third configuration is preferred based on risk,
cost, and schedule. In this configuration the NH3 target figure-of-merit is similar as HDice, and the
main limitation comes from the maximum operational luminosity due to the background generated
in CLAS12 with a 5 T transverse field. More detailed studies will be available in approximately 6
months.

The Hall-B polarized transverse target physics program

The JLab Hall-B physics program requiring a transverse polarized target (Hall-B Run Group H
or RG-H), includes three sets of measurements:

e Deeply Virtual Compton Scattering (DVCS): JLab experiment C12-12-010 ‘Studies of the spin
ozimuthal asymmetries in Deep Virtual Compton Scattering (DVCS) using the CEBAF 11 GeV
polarized electron beam and transversely polarized target’ providing access to different
combinations of Generalized Parton Distributions (GPDs) and in particular, to the elusive
GPD-E and the contributions of » and d quarks to the total orbital angular momentum of the
nucleon.

e Indusive hadron production in Semi-nclusive Deep Inelastic Scattering (SIDIS): JLab
experiment C12-11-111 ‘Studies of azimuthal distributions of measured final state hadrons
in coincidence with the scattered electron for the transversely polarized target’ provide
access to the Sivers function describing the unpolarized quarks, and “transyersity” and
“pretzelosity” distributions describing transversely polarized quarks in the transversely
polarized nucleon.

e Di-hadron production in SIDIS: JLab experiment C12-12-008 ‘Studies of azimuthal
distributions of measured final state hadron pairs' provide complementary access to quarks
transyersity distributions within the collinear theory, as well as enable studies of correlations
of hadrons in hadronization process, crucial for interpretation of single-hadron
measurements
All these experiments, grouped in Hall-8 Run Group H or RG-H, received the maximum

scientific rating (A) by the Jefferson Lab Program Advisory Committee PAC-38 and -39 and were
designated as high scientific impact for Hall-3.

The experiments require to operate a transverse polarized target within the CLAS12
detector. The HDIce target was considered as the primary option, but preliminary results of recent
tests performed at the J_ah-UITF indicate that HDlce remains an R&D project that is not, at this
time, ready to support RG-H.

Due to the challenges posed by the HDice target technology, these proposals are
conditionally approved with specific conditions from the JLab PAC to be met for approval:

.gefferson Lab
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Central tracking ( YCOUO) 80% Physics analysis framework (V.Ziegler) * RG- support (S.Stepanyan)
Lab-wide 100% CLASI 2 software development (N.Baltzell) - 5592 Novel tracking technologies (Y.Sharabian) -> requires on-site access « RG-H support (E.Pasyuk) Hall B staff members and external collaborators
100% Future CLAS|2 Trgger/DAQ (S.Boiarinoy, GHeyes) |00 0% /’;‘é'g;’fz’rfiﬁ h0 M.Ungoro) CLAS 12 CDIFD efficiency assessment + RG-L (ALERT) (D.Carman)
100% Al support to CLASI2 sy, (G.Gayalyan, D.Lawrence) gn0; Ny nolarised targets (E.Pasyuk) * RG-M support (V.Kubarovsky)

100% Future CLASI2 Hi-Lumi (S.Stepanyan)

100% Future CLASI2 Pld (V.Kubarovsk a RG-N support (H Avagyan)
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the detector

showed promising results, moee studies are nooded 1o evabaate

Charge to the Task Foree members, supported by external experts, were charged to make an assessment of the current

* Assess the corrent CLAS1S Iuminoriy and udentify the lmiting foctors Define o work plan to test the proposcd solutiom wich o time chart and i [ situation and propose some actions to address issues indicating resources and timelines. The

wecker grannlanty, mirgratson tm,

TF final reports were used to define an action plan with priorities and timelines to guide and
organize the work of the Hall-B staff members in the next year. This document is supposed to

* AI mMost al I TF ConCI u ded th e assessment Phase be reviewed and updated every month, based on task progress and include any further tasks
. not known at the time of the compilation.
* Some moved to the execution

* New RGs support TFs

* Compiled a Hall-B TF Agenda for 2021

* Priorities, timelines, milestones, resources,
* Updated every ~3 months
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CLAS12

Near future: RG-M

Hall B

Short Range Correlations

* Build on the tremendous success of

the CLASé6 data mining SRC program 1.8
(Science, several Nature, ...) 0
16
* Take far more (e,e’pN) and & &
(e.e’pPNN) data on a wider range of = (= 14
nuclei 10
* Three nucleon SRCs? 2|8 12 -
- . . Llb A 9
+ Constraining the NN interaction at [ A ‘-’ .
short distances R :
* Understanding factorized effective 08-C Al Fe Pb
theories '
* SRC formation mechanisms ! 12 14 1.6
» SRCs and the EMC Effec Neutron Excess [N/Z]
Electrons for neutrinos
* Take (e,e’X) data to test SRS PROCESS
vector-current part of | ——————
neutrino-nucleus event & - S
generators B 9%, : ol
‘ _ " )
* Energy reconstruction v e g '9 3
techniques \\l ‘H d— ;|
* Event generz_itors key to o v\
reconstructing € (Gov
EXPERIMENTAL ANALYSIS

oscillation parameters

* Scheduled for 30 PAC days: fall 2021
* D,4He, C, [O,] 40Ar, 40Ca, 48Ca, Sn

* Targets designed and under development
Standard liquid target cell
Short 0.5-cm Ar liquid target cell
Solid target C, Sn insertion mechanism
Special Ca target holders

Credit: V.Kubarovsky

3 %, U.S. DEPARTMENT OF

ENERGY

Office of r'-J A

RG-M support Task force (Pl: V.Kubarovsky)
CLASI?2 configuration completed: No FT, no LTCC, TORUS in-bending and out-bending

Target

Mechanical design completed, target foils production in progress
Mechanical support production — March 2021

Target test together with slow motor control— April 2021

MC (target geometry, trigger parameters, DC roads) - started

Target slow control —April 2021

Detailed draft of run plan is ready (lumi scan, empty target, trigger validation, beam energy, targets, torus etc)

Off-line analysis and trigger
validation software — ongoing
Analysis coordinator and chef
identified

Data calibration during run -
discussed with CALCOM, D.
Carman made report on the RG-
M meeting. Engineering runs will
be cooked soon and sent to
Daniel for calibration to practice

"Online" Detector Calibrations

There is a push to reduce the time period from completion of data-

taking o readiness for pass-1 cooking For some systems, in principle, calibrations can be done very

close to online, e.g. beam offsets, RF, BMT, FMT, SVT

For the bulk of the detailed timing calibrations, i.e. FTOF,
ECAL, CTOF, HTCC, FT, LTCC, RICH, a complete picture is
needed based on the full set of timelines to properly apply the
calibration constants over the appropriate run ranges

icker the detector calibrations, the sooner the data can bée

= the quic
Sed, an alysis can beqgin

proces

d the sooner data ana

The /dea/would be doing calibrations online - /.e. during data taking

d

Where do the delays come from between collecting the data and being ready
for pass-1 data processing?

 Waiting for necessary reconstruction software developments

« Waiting for calibration procedures of new detector systems implemented for
a given physics run

+ Waiting for detector alignment work

* Performing the detector calibrations over multiple iterations

* Cooking the data pc"f’c"rmr@ pass-0, generating the timelines

* However, another contribution to the time delay (and perhaps the most
important) is not beginning the work

d 1€ ANnalysis \’,.» orainaror nas 1o aggressively pusn tne et :4 orT and maintrain

The Analysis gg f t
daily over

* We are getting better with the new oversight role of CALCOM (e.g. RG-B
F19/W20, RG-A Sprl9, RG-F Sum20/W20

* How can we do better??

A goal would be to have all calibrations done and ready for pass-1 cooking no

more than 6 months after the run ends D.Carman

Science \
e

.gefferson Lab




CLAS12 Medium future: RG-C Hall B

Experiments will use longitudinally polarized NH3/ND3 target * RG-C support Task Force (Pl:V.Burkert): polarized target, design of the beamline (raster

magnets, Moller cone), simulations

E12-06-109 Longitudinal Spin Structure of the Nucleon Kuhn A 80 Polarized NH,
. S target ND, .
e W O L LSS L RICH 1 secto * Current run plan: 90/120 PAC days FT-Off configuration; 30/120 PAC days FT-On
E12-06- 119(b) DVCS on longitudinally polarized proton target Sabatie A 120 185 | Forward 1 c .
E1207-107 Spin-Orbit Correl. with Longitudinally polarized target Avakian A- 103 e $. Kuhn con ﬁ gu ration
E12-09-007(b) Study of partonic distributions using SIDIS K production Hafidi A- 80 o o .
E12-09-009 Spin-Orh:::omlationsinKproduc:onwlpoI.p:gtts Avakian B+ 103 ¢ So far optlmlsed the F-I-Off Conﬁgu ratlon: neXt Step F-r-on
. , * Installation/preparation plan defined (+2 months for DNP target)
RGC: - Originally approved for 185 days of beam time L. . )
PAC48-Jeopardy: - Reduced beam time to 120 days w/ focus on DVCS (proton, neutron) * New tungsten Moller cone, optimized raster size and target geometry: DC occupancies
- Eor rsmfaining b.tlea:riimef rFeturn tjoTPAC with new impact study comparable to the simulations fOI" RG_A
- Emphasizes availability of Forward Tagger . .
* Still working on DC3 background

Experiment expected to run in early 2022 (CY) * Slow controls integration

New target geometry (preliminary)

Raster=0.9 cm
6r—

=} region 1 occupancy: 1.93 %

HTCC mirror

o region 2 occupancy: 0.78 %

B region 3 occupancy: 2.02 %

Moller cone

Occupancy (%)
O

L
N

)
= Z.l:l[

A

) Tungsten shield 2= . A L

: * ° o
—i] =5 o—— il‘ ~ e i — :

._:E* | »E‘_’____Jl ' L -"_1 ..1-‘ ‘{‘\ 1'- . . f . . .

| |

0 1 2 3 4 5 6
Sector

Credit: V.Burkert
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CLAS12 Foreseable future: Hi-Luminosity Hall B

CLASI2 at Hi-Lumi Task Force (Pl: S.Stepanyan)

- Two-stages work-plan: 1) Lx2, Il) Lx100
- new tracker (GEM, uRwell) to replace DC (+improved FE electronics)

Hall-B project

CLAS12 Upgrade to High luminosity Operations - Focus on Stage |: Achieve luminosity of ~ 2x103> cm=2s~! for normal running conditions of CLASI2
. . . . o
Sect.1: timeline, milestones, dependences, resources, funds with Charged partlcle reconstruction efﬁClency of > 85%.
Review 0.0 December 2020 - Hall-B staff: previous TF + new members
Goals
Stage-1: Achieve luminosity of ~ 2 x 10%* cm™s™* for normal CLAS12 running with charged particle - UVA’ INFN expressed Interest for bUIldIng a PrOtOt)'Pe and develop a hew FE E|eCtI"0nICS
reconstruction efficiency of > 85%. . e . . . .
Stage-2: Configuration of CLAS12 for operations at two orders of magnitude higher luminosity (10* - Prellmlnary Work Plan almlng to develop a deteCtor n~ I y time and test It On'beam 1 CLAS I 2
cm2s71), . . . .
Task Force CLAS12 High Luminosity Operations ) BI-Weekly meetlng to d|SCUSS deSIgn and Progres
PI S. Stepanyan
Members V. Burkert, L. Elouadrhiri, M. Mestayer, M. Ungaro, V. Ziegler ) R
Advisors N. Livanage, E. Cisbani, E. Fuchey Plan for the first year FD trackmg
Contributors K. Gnanvo, S. Bovarinoy, D.S. Carman, V. Kubarovsky, E. Pasvuk, R. De Vita, M. Bondi
2023 | 2024 . o oo .
Tasks/Subtasks 2020 e . 1. improve existing DC readout - time-over-threshold
vt [o|m|[w| 1 |o|m]|w , _ ,
. a. test with cosmics (ongoing)
1. Improve existing FD tracking system (S1): b. test with beam, parasitically with HPS and then with RG-M (Mac, Sergey, Ben, ?)
1.1 Test DC time-over-threshold readout ML.1 c. develop offline software to use time-over-threshold information to improve BG reduction (Veronique, ?)
1.2 Develop software for analysis of time-over- M12
threshold readout
2. New tracking solutions (S1): 2. develop MPGD detectors for R1 DC The neXt tWO yearS
’fDl Define MPGD configuration for the CLAS12 M2.1 a. build and test large area ©tRWELL, test in Hall-B (Kondo, ...)
2.2 Define readout configaration for MPGD M22 b. study options for light weight detector, test solutions (Kondo, Rui?, ...) 1. Study design parameters of a MPGD detector for R1 (2022)
2.3 Fabricate large GEM and wRWELL prototypes D3.112 | D2.1/2 M2.3 c. study options for the readout (Kondo, INFN, Stepan, FE group) a. number of layers
2.4 Test prototypes and readout systems D23 M2.4 b. readout granularity
3. MPGD simulation and reconstruction (S1): 3. develop software for R1 MPGD c. FD tracking performance with the final design option
oy G davolopment of the MPGD M3.1 a. implementation of a tRWELL plane in GEMC (Maury)
3.2 Tracking with FPGD R1 detectors M3.2 b. development of FD tracking with tRWELL plane (Veronique) 2. MPGD detectors for R1 (2023)
4. Full implementation of the MPGD tracker (S1): c. study track reconstruction efficiency with the new detector using BG merging (?) a. build a full scale prototype
4.1 Final design of the tracker D24 | M4.1 - b. develop readout electronics
42 Procurement of components Di c. test the prototype with the final readout with beam
4.3 Fabrication of detectors D4.2 M4.3
5. MC studies of rates, occupancies and BG for S2: 3. Final design of the MPGD p|anes for R1
5.1 GEMC studies of CLAS12 at x10L MS5.1
5.2 Studies of pCLASI12 M5.2 4. Prepare procurements for six sector detector
Credit: S.Stepanyan 5. start fabrication (2024?)
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Hall B Long range - FY21 schedule

Primex CLAS12

al

= Plans

e No solid plans are possible due
to the COVID-19 uncertainty

e FY21: SAD is progressing with
the scheduled maintenance

e The ACC schedule will be
published soon

e HPS and RG-M in CY21| and RG-
Cin CY22

e Working to support RG-L
(ALERT) ERR

e Staffing CLAS shifts for next run
can be an issue

In summary:

from November 2020 CLAS Collaboration meeting : azicn"t?nr::csfgfir;ge\:’:rzsgzlt'zgt;z“P°“e"“: BONUS

= Schedule - Installation of the next experiments (HPS, RG-M requires nuclear targets)

- Weekly meeting to plan the activity
- Regular report at Monday meeting

= FY2I: long CEBAF shutdown for CHL Cold Box

repair (Scheduled Accelerator Down - SAD) - Update on a dedicated wiki page: https://www.jlab.org/Hall-B/clas | 2-web/sad-202 | -update.html
| Credit: S.Stepanyan, N.Balzell
= FY21: 20 weeks (Jun-Oct), 10.9 max Ep, only two RGs that requires - - 3 - 3
low beam energy will be able to run (HPS and RGM)
= FY22 (tentative): polarized longitudinal target
= ... :nuclear targets, transverse polarized target, completion of
RGA, RGB, RGK, HPS, ...
= ...: new proposals (PRAD-II, polarized 3He, tritium target, ...)

Lesson learned: CLAS |2 remote shifts went pretty well

Remote shifts for monitoring and support onsite personnel

- only monitoring (no DAQ or control detectors)

- home-like network connection + BJ to communicate with the Counting House
Should we extend the remote shifts to regular CLAS|2 operations?

In summary:
__difficult time but: = Difficult times but JLab was able to complete the experimental program planned for FY20

= Hall-B staff members and collaborators are doing their best to provide data ready for physics analysis

» Progressing in CLASI2 data preparation for physics analysis (first two letters submitted): strong support from HAII-B SW and CALCOM for new
reconstruction sw release, calibration suites, MC simulations on OSG

= Passl data reconstruction almost concluded for the all data sets (RGA/B/K and soon RGF) and preparation for a Pass2
= Preparing the near- (HPS, RG-M, RG-C and RICH-Il), medium- (RG-L, RG-H, PRAD-II) as well as the far-future (RG-N, CLAS [2@hi-lumy) of CLASI2
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