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Hall D Apparatus
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Physics Program in Hall D

Experiment | Title PAC PAC | PAC data
rating | days # taken

E12-06-102 | Mapping the Spectrum of Light Quark Mesons and Gluonic Excita- | A 120 30 | 100%
tions with Linearly Polarized Photons

E12-12-002 | A study of meson and baryon decays to strange final states with | A 220 42 33%
GlueX in Hall D

E12-13-003 | An initial study of hadron decays to strange final states with GlueX | Grp 200 40
in Hall D

A | Eta Decays with Emphasis on Rare Neutral Modes: The JLab Eta | Grp 100 45 0%
Factory(JEF) Experiment

E12-10-011 | A Precision Measurement of the eta Radiative Decay Width via the | A- 79 35 47%
Primakoff Effect

E12-13-008 | Measuring the Charged Pion Polarizability in the vy — =77~ Re- [ A- 25 40 | ~40%
action

A | Measuring the neutral pion polarizability Grp 48

E12-19-003 | Studying Short-Range Correlations with Real Photon Beams at | B+ 15 47 100%

GlueX
[ E12-19-001 | Strange Hadron Spectroscopy with Secondary KL Beam inHallD [ A- | 200 | 48 | ]
E12-20-011 | Measurement of the high-energy contribution to the Gerasimov- | A- 33 48

Drell-Hearn sum rule

- considerable installation / new equipment required
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https //www.Jjlab.org/Hall-D/runs. html
: Hall D p&lysu:s Tuns : :

Year Dates Ca;:;r;sdnr BE:]‘?’ +A]?AI;\ILU ABU |Experiment PDL Comment d]:;(sjﬁ 5);:{51
2016 |Feb, 3 - Mar, 23 49 12.0 ? ?|E12-06-102 |B.Zihlmann||Engineering run, solenoid at 1200A 3+25 25
2017 |Jan, 30 - Mar, 9 40 11.7 58%)|| 51% |E12-06-102 |B.Zihlmann||Production 20| 45
2018 |Jan, 12 - Mar, 5 52! 11.7 52%|| 46% |E12-06-102 |B.Zihlmann||Production 26| 71
2018 |Mar, 29 - May, 6 38| 11.7 58%|| 52%|(E12-06-102 |B.Zihlmann||Production 19 90
2018 |Sep, 21 - Nov, 26 66| 11.7 53%|( 47%|(E12-06-102 |B.Zihlmann||Production 33| 123
2018 |Nov, 28 - Dec, 9 12 10.3 ?|| N/A|E12-10-011 |L.Pentchev |Commissioning, low energy N/A
_1/|2018|Dec, 12 - Dec, 18 7T 9.0 ?|| N/A|E12-10-011 |L.Pentchev |Commissioning, low energy N/A
2019||Feb, & - Feb, 21 13| 116 45%|| N/A|E12-12-002 |B.Zihlmann|[1/2 DIRC Commissioning 6 (]
2019 |Feb, 21 - Mar, 5 15 116 52%| 37% |E12-10-011 |L.Pentchev ||Installation, Production on Be, LHe, FOM=0.974 73| 7.3
2019 |Mar, 8 - Apr, 15 38 11.2 73%)| 68%|E12-10-011 |L.Pentchev |Production on LHe, FOM=0.854 16.1| 23.4
2019 |Nov, 25 - Dec, 20 25 11.4 34%| 32% (E12-12-002 (B.Zihlmann |DIRC commissioning, actual start Dec, 3. PAC days = 0.32%25 8 14
12020 (Jan, 10 - Mar, 24 T5 114 62%| 56% |E12-12-002 |B.Zihlmann |Production with DIRC at high rate. First 2 weeks - lower rate 38 52|
2020 |Jul, 27 - Sep, 21 56 114 46%)| 38% |E12-12-002 |B.Zihlmann||Production with DIRC at high rate 21.5| 73.5
2021 |Sep, 16 - Nov, 4 a0 10.1 31%|| 45%|E12-10-011 |L.Pentchev |Production on LHe, FOM=0.562 14| 37.4
2021 |Nov, 8 - Dec, 21 43 109 70%|| 60% (E12-19-003 |L.Pentchev |Production on LHe, LD, C FOM=0.733 PAC=43*0.6+0.73=19 19| 19
2022 |Jun, 8 - Jul, 27 50 11.6 E12-13-008 |S.Taylor Running... 257 25
2022 |Aug, 4 - Nov, 6 95! 114 E12-10-011 |L.Pentchev ||Production on LHe, FOM=0.912 43.2 7| 80.6
2022 |Nov, 11 - Dec, 18 38| 114 E12-12-002 (B.Zihlmann 197( 92.5
2023 [Jan, 16 - Mar, 19 63| 114 E12-12-002 |B.Zihlmann [PEf2512:0027 GilueX-Il 3157| 124
2023 [Jul, 17 - Mar, 17 216 FCAL2 installation | E£12-10-011  PrimeX-n
E12-19-008 SRC

E12-13-008 CPP/NPP

1. ABU - Available Beam in Use (fraction of the calendar time), BANU - Beam Available Not in Use
3. PAC days - Assumed to be 50% of the calendar days
4. The figure-of-merit FOM for PRIMEX-n depends on the beam energy because of the Primakoff cross section and the background levels depends on the energy. The proposal assumed a 12 GeV
beam. Our calculations were normalized to 11.7 GeV: FOM(11.7)=1.

SRC/CT: Assuming that the cnherent edge is selected at the same energy (8.7 GeV) and that the beam current is selected keeping the same low energy flux (0.1-3 GeV), and ignoring the
t g5 estimate B jons the beam flux at Eéﬁﬁlfmo 9)/FOM(1 l TI=73% 4/ 15



https://www.jlab.org/Hall-D/runs.html

https //www.Jjlab.org/Hall-D/runs. html

| | |
Hall D p&lysu:s Tuns

pac |PAC| ™

Year Dates d - ABU |Experiment Comment days

ays GeV BAN days? total
2016 |Feb, 3 - Mar, OngOIng I’Uﬂ 2022/06/08 — 2023/03/19 3+25[ 25
2017 [Jan, 30 - M 20| 45

Jan, 2 e CPP/NPP run 50 calendar days . )
2018|Jan. 12 -Mar o 7 days for CPP deinstallation and preparation for PrimeX 26| 71
2018 [Mar, 29 - Ma 19] 90
T SN IRNG o Removal of the muon detector . =
E: o Reinstalling the u-scope in the regular position
0 (o 2l=T o Reinstalling the Compton Calorimeter (CCAL) N/A
_||2018 |Dec, 12 - De: o Reinstalling the cryo target N/A
2019 [Feb, 8 - Feb, o Move the crate with FADC125 back to CDC 6 ®
2019 |Feb, 21 -Ma e PRIMEX-7 run 95 calendar days 73| 7.3
2010|Mar, 8-Apr, ©® 4 days for changeover to GlueX 16.1 23.4
2019 [Nov, 25 - Der o DIRC installation /s = 0.32%25 8| 12
2020|jan. 10 -Mar ¢ GlueX-Il run 101 calendar days, in 2 parts -lowerrate | 38| 52|
2020 [Jul, 27 - Sep, » ‘ 21.5[ 73,5
2021]Sep, 16 - Nov, 4 50 101 51%]|[45%|[E12-10-011 [L.Pentchev |Production on LHe, FOM=0.564 14| 37.4
2021 [Nov, 8 - Dec, 21 a3 109 70%|[ 60%[E12-19-003 [L.Pentchev |Production on LHe, LD, C FOM=0.73% PAC=43*0.6*0.73=19 | 19| 19
2022 [Jun, 8 - Jul, 27 50 116 E12-13-008 |S.Taylor Running... 257 25
2022 [Aug, 4 - Nov, 6 o5 114 E12-10-011 |L.Pentchev |[Production on LHe, FOM=0.914 43.2 7| 80.6
2022 [Nov, 11 - Dec, 18 38 114 E12-12-002 |B.Zihlmann 197[02.5
2023 [Jan, 16 - Mar, 19 63| 114 E12-12-002 |B.Zihlmann [PE12:12:00211 GilueX-Il 3157| 124
2023 [Jul, 17 - Mar, 17 216 FCAL2 installation ETZT0-U 27
E12-19-003 SRC

E12-13-008 CPP/NPP

1. ABU - Available Beam in Use (fraction of the calendar time), BANU - Beam Available Not in Use
3. PAC days - Assumed to be 50% of the calendar days

4. The figure-of-merit FOM for PRIMEX-n depends on the beam energy because of the Primakoff cross section and the background levels depends on the energy. The proposal assumed a 12 GeV
beam. Our calculations were normalized to 11.7 GeV: FOM(11.7)=1.

5. SRC.’CT Assuming that the coherent edge is selected at the same energy (8.7 GeV) and that the beam current is selected keeping the same low energy flux (0.1-3 GeV), and ignoring the

s estimate fy jons the beam fux at @8 Gy Fﬁmu 9)/FOM(1 1 TI=73% 4/ 15



https://www.jlab.org/Hall-D/runs.html

Hall D running schedule: outlook

’ 2021 \ 2022 \ 2023 \ 2024 \ 2025 \ 2026 \ 2027 \ 2028 \ 2029 \ 2030 ‘

Assumed beam availability Ww‘ m:ﬂ WH [j‘[ﬂ (—1 ﬁ:ﬂ ﬁ:ﬂ R ﬁ‘h

I I

E12-10-011 PrimeX-; Run | j‘ O i
E12-19-003 SRC/CT Run 0 :
Installation of CPP bk
E12-13-008 CPP/NPP Run 1 F_JD 1
E12-12-002 GlueX-Il Run : \
Installation of FCAL2 :
E12-12-002A GlueX-1l+JEF Run L
Installation of KLF !
E12-19-001 KLF Run j
Restoration of photon beam \
Installation of REGGE :
E12-20-011 REGGE Run ;

Approved schedule

e Assuming 30 weeks/year for Hall D running
e Assuming timing budgeting for KLF and REGGE
e Assuming timely construction of JEFKLFEREGGE
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Hall D Community

GlueX Collaboration

@ 140 participants from 32 institutions from 12 countries

Currently 19 graduate students
@ 19 PhDs since 2016

KLF Collaboration

@ 200 participants from 68 institutions from 19 countries
@ Partly overlapping with GlueX

SRC/CT group

@ 30 post-bachelor researchers + a part of the GlueX collaboration
@ 3 graduate students + 1 postdoc (dedicated to Hall D SRC)

Hall D staff

@ 12 staff scientists + 2 hiring

2 postdocs
8 engineering and technical group
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Hall D Highlights

Data taking Data processing
e GlueX-l (E12-06-102) 100% complete » E12-06-102 100%
e PrimeX-n (E12-10-011) 47% of total » E12-10-011 2019 data 100%
e GlueX-ll (E12-12-002) 33% of total » E12-12-002 2020 spring data 100%
e SRC/CT (E12-19-003) 100% of total

Data analysis and results
@ Physics analysis of E12-06-102 data:

J/¢: 1 PRL paper (2019, 25% of data): 124 citations - Plenty of interest

@ Beam asymmetries: 5 PRC papers

@ Search for axion-type particles: 1 PRD paper

@ Talks since PAC49: 21 at APS DNP meetings, 14 at other conferences and workshops
@ Step by step analysis strategy: asymmetries, SDME, cross sections, PWA

@ Technical papers: 24 NIMA publications in total
Coming Reviews
@ 2022 July 19-21: DOE Science and technology review
@ 2022 Fall: 2-nd Review of GlueX progress in search for hybrids
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GlueX E12-06-102: J/v production

PRL 123 (2019) 7, 072001 25% of GlueX-| data, 124 citations
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PRL 123 (2019) 7, 072001 25% of GlueX-| data, 124 citations

Full GlueX-I data, preliminary

_8 = -~ =7 "g 10 5}
= W0 (SEUEX ; < T
o St o a = oL -
= g B et £ o7
S 1 O i = £
1 it . i =
IS L}/ ;- o ¢ 9" BT
> fT . \g/- _;ﬂ o
5] ST T R TUUOS VU o v
1 o] y% i w% + LUE o
N, e —e— Gluex Fe - P
P —a— SLAC /{ T
I ' i —A— Cornell 10! ——e— Glue
[ r - === Kharzeev etal. x 2.3 é —s— gLAC”
£ o . & —A— Cornel
/ incoherent sum of: L . — — Brodsky et al. fit to GlueX
o ”‘* ------- 2g exch. Brodsky et al : . ne=1 (29 exchange)
10 ,H 3g exch. Brodsky et al . ng=0
10 :
8 9 10 20
E,, GeV Luminosiy (E )8 9 10 . E,,Gev 20
4+ uminosity (Egeam et e~ invariant mass spectrum
°
P = J/yp.Jjv — ete 5 T -
e Kin. fit: mass resolution S b anﬂ megal az0a] | E B
~ 13 MeV, no radiative tail Ly UL 3 B mw |
5 8 © i
2140 4+ 60 J/1) S 10 b |
o BH 1.2-2.5 GeV used for : = M
& [ X It
normal|zat|on 47 [l c:)ns(anl 74|A.5:55.o T ‘J
: Ly e M, |
o URM w U‘m—‘ lL'-m l(); :en:ns, 0.00&942‘198.;01.142 Gt
[E f amplitude, 5.28 = 43.13 Bréli i
r L‘-LL H H:\IIS 002192 = 000446 H“V
85 9 95 0 s O ! 13 2 25 Nf@c,)v Gy
E.Chudakov PAC50. Jul 2022 Hall D Report 8/ 15 Jefferfon Lab



GlueX E12-06-102: J/v production (continued)

3/ ndf 0.2182/3 | | x*/ndf 8.712/7 0) extrapolation to threshold
o do/dt(0) 3.121+ 2.23 | do/dt(0) 2.303 = 0.3997 % d I- d d t l t
LA m 1.089£0.1722 | | M 1.453 +0.07444 odel-depenaent applications
Q N 21 nat 577779 e J/1i — p scattering length ~ 18 mfm
Z B\ dofdt(0)  4.184 = 0.5407 EPJ A57(2021)2,56
5 Q\i\ M 1314004871 = very weak J/¢) — p interaction
107! $- e e Proton mass radius ~ 0.5 fm
SR Kharzeev PRD104(2021)
! i ('-‘.un’:\{ . e Relation to GFF-QCD
102 7\ Preliminary Guo PRD103(2021); Mamo PRD104; Hatta PRD100
F [ —e— 10.36-11.44 Gev T i o(E) dependence
[ —o— 9:28-10.36 GeV : Various calculations
s Gey - T e QCD LO,NLO Ivanov et al EPJ C34 (2004)
-t, GeV? e GPD+LQCD GFF Guo et al PRD 103 (2021)
Dipole fits: % e Open charm exchange Du et at EPJ C80 (2020)
i

@ The results will be presented by L.Pentchev at a Workshop on Hard Exclusive Reactions on July 20:
https://indico.phys.vt.edu/event/51/

@ GlueX outlook on J/+: GlueX-Il - x4 statistics; better e+ identification with FCAL2 and possible TRD - reduction of
systematic errors
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https://indico.phys.vt.edu/event/51/

GlueX E12-06-102: Path towards exotic searches:

vp — a2(1320)p, ax — nm

. ag ¢ Relevant for 71(1600) — nm,n'w search

e Validates theoretical amplitudes and analysis
techniques

e Forms a benchmark needed to analyze n’~
states

p e The a, production cross section was obtained
using the intensity of D waves obtained using

2]

2 [ 0-30F Gl% Theory prediction (JPAC) PWA )
— F Preliminary Ey=8.5 GeV 14210
Sk 0'25:_ GIueX Phase 1 E . -
0'20:_ + E,c[8.288]GeV 12 :— GLUE) . D
:_+_ -4 Natural parity exchange i; 10F ._ freliminan 2
015; -4 Unnatural parity exchange s F .. ¢
0100 Stat. uncertainties only! 1 o 8 .
U+ 1 < .
r —_— a 6
0.05 T —————— — - .
: —— E. .
008702 03 04 05 06 07 08 09 1.0 S . ; e
e 0-._
-t [GeV?] o B
0811214161822224
M(n°) [GeV]

E.Chudakov PAC50, Jul 2022 Hall D Report 10/ 15 Jefferdon Lab



Hall D

Invariant Mass of PipPim All Cuts Applied; (Data && Simulation _-

E.Chudakov

003: SRC/CT

SRC/CT E12-19-003 ran in FY22

Reconstruct recoil nucleons in reactions A(y, p 7 p), A(y, P°pp) - ..
Determine fraction of np, pp SRC pairs
Nuclear targets: LD, LHe, C
Analysis underway (graduate students from Duke, GW, Miss. St., MIT):

* Short-range correlations
* Color transparency

» Several other exotic topics.
p° Transparency

1200 T

I
Data ||

MC ‘:] Invariant Mass of PipPim (simulation)

PipPim (Data)

1000

2z for r<0.5 cm

soof—

ool

Carbon foils-
2-track vertex
Z-position -

3
7o'

“He(y, p~pp), |t]. lu| <1 GeV?

'
zfom)

Short range correlations

Colo

In real photon beam
n

r transparency

P

Axion-Like Particle (ALP) Search

LN R A LN R R

| | L

A

—— Instant Form
Lightcone

10%
10?
pn-SRCs

10!

10°

05 M(7f’17[)

PAC50, Jul 2022

2 25
NPlus_PiMinus(GeV)

Hall D Report

0.6 0.8 1.0 1.2 107!

0.5% of

Spectator Momentum [GeV] 00

11/ 15

0.2

0.4

0.6
Diphoton Mass [GeV]

08 1.0

.gefierfon Lab



« Data with backgound
ka” . Beamline background
1,y (et
1500 #oTH
o o
e [ et #
g Lo ‘ ”§
S 1000~ +
= [ 4 +
] ad "
< L
2 [uh .o.
w
5004 4 «
Fooa s
b o
L . e ...
% 6
E.Chudakov PAC50, Jul 2022

/ Eseam

cluster
6y

E

EPRE 2kl
1 12 14 16 1.8

Mg, / My

Hall D Report

+ :[S)i?ﬁlation
ey
TR
= 400+ i+ *
g + e H‘ii
3 L ;i*
g 1 b
@ 200- 4\ §¢¢
r .,r"‘ y
h .“'3‘4‘
00 9 lab ‘r'] ‘

12/ 15

£
]

8 >
w

Ec+E/

vz

Ecluster + Eclusler +

(

Events /0.100 [°]

Y‘Q
o

1

15
Myrere /My

o
.-

B
-

N

=}
=T
——

« Data
% Beamline background

(empty target)

00

LAY

S\ablol

4effé;s)on Lab



PrimeX-n (Primakoff reaction vZ — n

Large “Empty target” BG

at small 0
Reduced by TOF veto = charged
Likely EM: Pairs, Compton

v — 2 particles produced
downstream imitate small 0
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Large “Empty target” BG
at small 0
Reduced by TOF veto = charged
Likely EM: Pairs, Compton
v — 2 particles produced
downstream imitate small 0
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PrimeX-n (Primakoff reaction vZ — nZ) new run: 3 decay modes
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E12-12-008: CPP/NPP Running

CPP/NNP - Pion Polarizability ‘PiPlusPiMinus_EOverP |

@ Installation of a muon detector, solid (Pb) target, moving TAGM to i 27
5.5 GeV, new trigger logic £ . . Stdpevy
s st versus et e~
@ Running at 30 nA with the coherent peak at about 5.5 GeV g 2: p=mtm
@ DAQ rate is about 70 kHz o :
L ns;
TAGM moved t0 5.5 GeV_ . ;
ﬂ'+7'['7 maS w'n’ mass (GeV)
MissingMass
x10 Entries 8401407

Mean 1818

Sibev 2107

fo0191192193194 195196 197 198 199200
> : L ¥v298Ph e Missing Mass (GeV/c?) -
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JEF E12-12-002A: status of PbWO, FCAL insert

item # ordered  delivered expected 750 modules made, ~30/week
crystals SICCAS D 1004 292 292 (+ a few dozens) < hal bl S 2
crystals CRYTUR D 296(+50) 181 346 2 g
crystals SICCAS C 440 440 Bt
crystals CRYTUR Adm 550 550 =
crystals total 1600 1628 (732+896)
PMT 1600 1650 1290 1650 (140 are from CCAL)
FADC, crates 1200 1200  about all . Manpower
HV channels 1600 1600 e Hall D, Det.Sup.Grp.
module components 1600 part part FY21-22 Univers,iti es ’
signal cables 1200 1200 part part building
HV cables 1200 12007 0 building | ¢ 2022 summer
Dosi h bl 1.7 FTE*Y students
esign of the cables arrangement Construction
— Sufficient budget in FY22
DR e om i dmpeney usmenierzee o Modules construction ongoing
e e PMT bases, cables: starting
Jl B hv Radiax 9 e Frame: first PRs sent
i LV D-Sub37x 1 Installation
f \ e oty About 16 months Mar 23 - Jul 24
+ Shorter cables inside, secured
\/ to vertical chains. ° FCAL - take apart
mosenm 1 i e, FCAL modules refurb.
] lp—/ e Frame, restack with crystals
x4 .
{ | —— o Dark room and cooling
sox1 ) e Cabling, electronics
22 March 2022 — Jefiegon Lab ,
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KLF E12-19-001: Spectroscopy with K, beam

Photon Beam
Ongoing Design

e Technical design: Be target and collimator cave - finished; upstream platform - in progress
e Conceptual design: Compact Photon Source - in progress, thermal and radiological analysis
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