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• Jefferson	Lab	and	CLAS

• Photodisintegration	of	the	deuteron	à Studies	of	the	transition	region

• Study	of	FSI	in	exclusive	reactions	on	deuteron	à Stydy of	the	YN	interaction



Jefferson	Lab

Superconducting	Electron	Accelerator	(338	cavities)
Emax=6	GeV	 ΔE/E=	10-4 Pe>80%	
1500	Physicists	over	30	countries
Operational	since	end	of	1997

Simula'on of the CLAS12 Forward Electromagne'c Calorimeter 

  C.J. Musalo, J. Carbonneau. G.P. Gilfoyle M.Ungaro 

 University of Richmond – Department of Physics. 

 Mo'va'on:  The primary mission of Jefferson Lab (JLab) is to reveal the quark and 

gluon structure of nucleons and nuclei and to deepen our understanding of con
finement. At JLab 

there is a need for high‐performance compuKng for data analysis and simulaKons. The precision 

of many future experiments will be limited by systemaKc uncertainKes and not staKsKcal ones; 

making accurate simulaKons vital. A physics‐based simulaKon of a new detector (CLAS12) is 

currently being developed called gemc. This new program uses the package Geant4 to calculate 

the interacKons of parKcles with maSer in the components of CLAS12. We have developed a 

mathemaKcal model of the ElectromagneKc Calorimeter (EC) geometry and added a simulaKon 

of the calorimeter to gemc.  

 JLab, CEBAF 
Jefferson Lab (JLab) is located in Newport News Virginia (see figure below) The 

central scienKfic 

instrument is the ConKnuous Electron Beam AcceleraKng Facility (CEBAF), a super‐conducKng , 

racetrack accelerator about a mile long. with three unique detectors in Halls A,B and C. CEBAF 

runs at energies up to 6 GeV now and is being upgraded to 12 Gev. 

 The Hall B Electromagne'c Calorimeter 

The EC is an electromagneKc sampling calorimeter that will cover the forward 

region (5° < θ <45°) of the HallB CLAS12 detector.  

It is constructed from  39 trapezoidal alternaKng 

 layers of plasKc scinKllator strips and lead sheets.  

The scinKllator layers are made up of 37 strips  

each and have three orientaKons (views) that are 

 labeled u,v,w (see EC figure) 

Results from the model:  

     Below are screenshots of CLAS12 in the gemc GUI. The green line in the top 

panel represents a scaSered electron and the red dots are hits  in CLAS12 from
 

this track. The blue lines are neutrons; their hits are green.  

     To test our geometry, we fired tracks from the target to the boundaries of the 

EC. See the boSom panel which shows examples of layer 1 and layer 39 hits. The 

electron track is in white. CalculaKng values that would place a parKcle on a 

boundary would check that our geometry is correct . To be as precise as possible, 

we turned off the magneKc field of the torus magnet so that tracks would be 

straight and used a geanKno.  The geanKno is a special simulated parKcle that 

doesn’t interact with the maSer it passes through. 

    We checked the accuracy of our geometry with 36 test tracks. We sent a track 

through the 1st and last layer of the EC for each of the three vertexes.  We tested 

all six regions.  

References: 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CLAS 12 Upgrade 

JLab is being upgraded to twice its current operaKng  

energy,  and will have a new detector in Hall B based on the 

current detector (CLAS6) called CLAS12. We are focused on 

 the CLAS12 forward detector. It is composed of many  

alternaKng layers such as drik chambers, Cerenkov  

counters,  Kme of flight  ScinKllators (TOF), and 

 electromagneKc calorimeters (EC). These components each contribute to the 

idenKficaKon and measurement of a parKcles 4‐momenta. Right:  Exploded view of 

one sector of the Hall B CLAS12 detector illustraKng the High Threshold Cheren
kov 

Counter, Drik Chambers, Time of Flight Detectors, and the EC.    

The tracks colors are:  

Neutrons black  

Photons blue  

q=+1 red  

q=‐1 green  
Below:  EC anatomy, showing 

 u, v, and w strips 

CLAS12 Origin 

Layer 1 

Hit 

Aerial photo of Jlab,  

located in Newport 

News, VA 

geant4 volume named G4trap 

EC figure:  

Layer 39 

Hit 

CLAS12 Origin 

Track shot at 1st layer of near angle vertex.  Track shot at 39th layer of top lek vertex.  

Adding the EC to gemc.  

The CLAS6 EC geometry is describes in Ref 1. The descripKon in 

Ref 1 relies on a large set of equaKons and parameters and we 

have streamlined that model to make it more robust and 

easier to maintain. The descripKon uses eleven parameters.  

The EC geometry is generated  in gemc using parameters from 

a MySQL database. Perl scripts are used to put the geometry 

parameters into the detector.  

ec_build.pl: 
Contents‐  ec.build is a Perl script that creates input values for 

geant4. We used Geant4 to construct a volume in gemc  called 

the G4Trap. The EC is made up of 77 G4traps. The figure below 

shows the coordinates used to define this generalized 

trapezoid.  

Inputs‐We used values from our EC mathemaKcal model.  

Output‐ Input values for geant4 . 

go_table  
CONTENTS ‐ go_table is a shell script that  reads the output 

from ec.build, and writes it into a MySQL geometry database 

at JLab. When gemc is given the opKon, it uses values from the 

geometry database to create volumes.  

INPUT‐input values for geant  

OUTPUT‐ MySQL geometry database 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Figure 2 Schematic CEBAF accelerator overview.

coincidence of physics requirements with the maturing of a novel technology pre-sented auniqueopportunity,which allowed thedesign, construction, and successfuloperation of an accelerator that has not only exceeded initial user expectations,but in fact readily incorporates evolving user requirements and, moreover, pre-sents immediate prospects for straightforward upgrades to significantly higherenergies.
The CEBAF accelerator is a five-pass recirculating srf linac (Figure 2) capa-ble of simultaneous delivery to three end stations of cw beams of up to 200 µAwith 75% polarization, geometric emittance less than 10�9 m rad, and relativemomentum spread of a few 10�5. The lowest operating energy is about 0.6 GeV,the present full energy is nearly 6 GeV, and a cost-effective upgrade to 12 GeVis possible and planned. The combination of five-pass recirculation, a three-laser photocathode source, and subharmonic-rf-separator-based extraction enablessimultaneous delivery of three beams at different energies, with hall-to-hallcurrent ratios approaching 106, and with a specified orientation of the beampolarization.
The most important innovations in CEBAF are the choice of srf technology anduse of multipass beam recirculation. Neither had been previously applied on thescale of CEBAF. In fact, until LEP II came into operation, CEBAFwas the world’slargest implementation of srf technology, the use ofwhich ensures the possibility ofenergy upgrades, enabling forefront research for years to come. Beam recirculationminimizes the cost of the srf implementation and has been executedwith bend radiilarge enough to keep open the possibility of future energy upgrades.

CEBAF

A B C



CEBAF	Large	Acceptance	Spectrometer

• Six	superconducting	coils	- six	identical	mass	
spectrometers

• Charge	particle	tracking	8o	- 144o
• Neutral	particle	8o	_ 70o
• Momentum	resolution	~0.5%
• Angular	resolution	~2	mr
• Particle	ID

• p/π	identification	<3.5	GeV/c
• π/K	identification	<2	GeV/c



Tagger	Spectrometer

Fig. 1. Overall geometry of tagging system. Important details referenced in the text include the shape of the magnet pole, the
straight-ahead photon path through the magnet yoke, and the relative locations of the hodoscope E- and ¹-planes. Also shows `typicala
electron trajectories labeled according to the fraction of the incident energy that was transferred to the photon.

PACS: 29.30.Kv; 29.40.Mc; 29.70.Fm

Keywords: CLAS; Photon tagger; Photon beam; Scintillator hodoscope; Time-based logic

1. Introduction

We report the design, construction, and commis-
sioning of the photon-tagging system now in use in
Hall B at the Thomas Je!erson National Acceler-
ator Facility (JLab) for the investigation of real-
photon-induced reactions. The tagger was initially
designed to be used in conjunction with the
CEBAF (Continuous Electron Beam Accelerator
Facility) Large Acceptance Spectrometer (CLAS)
[1], and has subsequently also been used in two
additional experiments which do not make use of
CLAS. While the descriptions in this paper make
frequent reference to correlations of tagger in-
formation with the CLAS detector, it is intended
that the reader understand that all such discussions
have equivalent application to any other
downstream detector system for photon-induced
interactions.

The bremsstrahlung tagging technique for direct
measurement of incident photon energy in photo-
nuclear interactions is well established [2}4]. The

JLab system is the "rst photon tagger in the multi-
GeV energy range to combine high resolution
(&10!"E

#
) with a broad tagging range (20}95%

of E
#
).

2. Background and general description

The geometry of our system is sketched in Fig. 1,
with additional, more detailed views in Figs. 2 and
3. Electrons from the CEBAF accelerator strike
a thin target (the `radiatora) just upstream from
a magnetic spectrometer (the `taggera). The system
is based upon the electron bremsstrahlung reaction
in which an electron of incident energy E

#
is `decel-

erateda (scattered) by the electromagnetic "eld of
a nucleus, and in the process emits an energetic
photon (gamma ray). The energy transferred to the
nucleus is negligibly small, so the reaction obeys the
energy conservation relation

E!"E
#
!E

!
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Study of the Hyperon-Nucleon Interaction in Exclusive � 
Photoproduction off the Deuteron  
Nicholas Zachariou, Yordanka Ilieva 
University of South Carolina 
for the CLAS Collaboration 

♦ Motivation 

Characteristics 
•  Liquid deuterium target (40 cm long) 
•  Tagged linearly-polarized photon beam produced using the coherent bremsstrahlung technique  

•  Two orientations – Para ||, and Perp    
•  Collected data for six photon-energy bins 200 MeV wide between 1.1 and 2.3 GeV 
•  Use of the CLAS to collect data over a large fraction of the full solid angle 

♦ Experimental Setup 

♦ Preliminary Results 

This work is supported by the U.S. National Science Foundation: NSF PHY-125782 

♦ Reaction Reconstruction 

♦ Background Studies 

♦ Conclusion and Outlook 

•  Experiment performed in Hall-B of the Thomas Jefferson National Laboratory 
•  Data collected during the E06-103 experiment (g13) 

 Nucl. Instr. And Meth. A 503, 513 (2003) 

CEBAF! Tagger Spectrometer! CLAS!
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1Analytic Bremsstrahlung Calculation 
Fits on enhancement distributions result: 
•  Coherent-edge position 
•  Beam collimation  
•  Beam divergence 
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Three-charged track events are initially selected – two positive and  one negative 
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♦ Photon Polarization 

Enhancement =
Coh. Photon-energy Spectrum

Amor. Photon-energy Spectrum

Yield asymmetry ! determine Σ by reducing acceptance effects 
•  Two orientations of the photon polarization are used:  parallel and 

perpendicular to the Hall-B floor: 
 

e� �

e0�

•  Challenge: Understand background shape 
•  Solution: Realistic simulations 

•  Comprehensive event generator with one- and two-step processes 
•  Background subtraction on even-by-event basis 
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• YN interactions ! better understanding of the strong interaction. 
• Constrain YN potentials 
• Understand hadron dynamics in which the strange quark is involved 

• Several polarization observables can be determined using the g13 data.  
• Preliminary results on Σ indicate that the g13 experiment provides 

adequate statistics to determine polarization observables.  
 
•  Background subtraction 
•  Systematic uncertainties determination 

E� = 1.3� 1.5 GeV/c

♦ Theoretical Predictions 
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The polarized yield is the calculated 

   F : incident photon flux     
 Δφ : bin width 
   A : detector acceptance 
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•  Why study the Hyperon-Nucleon (YN) interaction? 
•  YN interaction ! comprehensive picture of the strong interaction 
•  Understand hypernuclear structure and hyperon matter 
•  Understand composition of neutron starts 
 

•  How can we study YN interaction? 
•  NN potentials using SU(3) symmetry– free parameters remain 
•  YN elastic scattering  – poor database 
•  Hypernuclear studies – uncertainties related to many-body 

effects 
•  Final state interactions – improve constraints on theoretical 

models.  

 

 
 

•  Determination of spin-dependent observables can significantly aid in 
identifying the underlying dynamics 

 

Here we present the determination of the beam-spin asymmetry Σ for 
the reaction  

 
�d ! K+⇤(n)

•  Comparison with theory 
•  Determinate Ox, Oz, Py 

Σ predictions sensitive to YN potentials, to θ’Λ , and pK+ 

♦ Framework 
Σ is related to the dσ/dΩ according to 
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• Tagged	photon	beam

• ΔE/E=	10-3

• Eγ=0.2	- 0.9	Ee
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Deuteron	Photodisintegration

discrepancy is found at 30�-40� above 3 GeV where it suggests a slower decrease of the cross section with
energy than is observed.

Summarizing the results on the production cross sections, one can conclude that the approaches based
on various physical principles describe, with about the same degree of success, the available data on
the angular and energy dependence of the reaction. Thus, for a better understanding of the underlying
mechanism, complementary information on the spin-dependent observables is necessary.

Concerning the polarization observables, there are only three sets of data for deuteron photodisin-
tegration at energies above 1 GeV. The azimuthal beam-spin asymmetry � was measured at Yerevan
[11, 12]; the induced proton polarization py and the polarization transfers Cx0 and Cz0 were measured at
JLab [11, 12]. On the theoretical side, two calculations of the spin observables are available, within the
QGSM [53] and HRM [54] frameworks.

The data on the recoil proton polarization parameters obtained in two recent JLab experiments at
E� � 2 GeV are presented in Fig. 2. We see that the QGSM [53] predicts the longitudinal polarization
transfer Cz0 in good qualitative agreement with the measured data, but makes no prediction for the
transverse polarizations py and Cx0 due to their sensitivity to the relative phase of the helicity amplitudes.

Figure 1: Deuteron photodisintegration cross sections s11d�/dt as a function of E� for the proton scattering angles
noted. Results from CLAS [8] (full/red circles), Mainz [4] (open squares), SLAC [1, 2, 3] (full/green down-triangles),
JLab Hall A [7] (full/blue squares) and Hall C [5, 6] (full/black up-triangles) are included, as well as predictions
of the QGSM [48] (solid line), AMEC [52] and RNA [43] models (dotted and dashed lines, respectively), and the
HRM [45] model (hatched area).

5

CLAS 
Mainz 
SLAC  
JLab Hall A 
JLab Hall C  
       

Theoretical	Predictions
QGSM	(solid	line)

HRM	(hatched	area)

Both,		QGSM	and	HRM	
describe	the	
differential	cross	
section	with	the	same	
degree	of	success

Cross	section	alone	
does	not	provide	
enough	information	to	
understand	the	
underlying	dynamics

M.	Mirazita et	al.,	Phys.	Rev.	C	70,	014005	(2004);	P.	Rossi	et	al.,	Phys.	Rev.	Lett.	94,	012301	(2005)
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✓c.m. = 90�

Only	two	sets	of	data	for	the	recoil	proton	polarisation
obtained	at	JLab Hall	A
K.	Wijesooriya et.	al.,	Phys	Rev	Lett	86,	2975	(2001)

Py consistent	with	0	for	Eγ >	1	GeV
Cx’ and	Cz’ do	not	vanish	above	1	GeV,	inconsistent	with	HHC
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Only	two	sets	of	data	for	the	recoil	proton	polarisation
obtained	at	JLab Hall	A
K.	Wijesooriya et.	al.,	Phys	Rev	Lett	86,	2975	(2001)

Py consistent	with	0	for	Eγ >	1	GeV
Cx’ and	Cz’ do	not	vanish	above	1	GeV,	inconsistent	with	HHC

Comparison	between	theoretical	predictions	and	available	data	
is	inconclusive

Figure 2: Polarization transfers Cx� , Cz� and induced polarization py in deuteron photodisintegration.

In this respect, calculations of Cz0 are more stable because they do not depend on this phase but only on
the moduli squared of the helicity amplitudes.

Figure 2 also shows predictions for all three observables from the HRM [54]. It should be noted that
these calculations are at the lower edge of the nominal validity range of the model. Also, since the pn

spin amplitudes are not well constrained by data, the pn amplitudes are based on pp data. Thus, there
are large uncertainties in the predictions. One calculation (dotted line) assumes that there is only small
helicity nonconservation, leading to small values of Cx0 and py, and Cz0 being nearly unity. The second
(dash-dot line) calculation assumes large helicity non-conservation. The comparison with all observables
supports large helicity nonconservation, but clearly the predictions for the transverse polarization do not
agree with the data. Thus, the two models, QGSM and HRM, which predict the longitudinal polarization
transfer are in qualitative agreement with available data, while neither model adequately explains the
transverse polarizations.

The situation is completely unclear for the case of the azimuthal beam-spin asymmetry �, defined as

� =
1
P�

N⇤ �N⇥

N⇤ + N⇥
, (3)

where P� is the degree of linear polarization of the incident photon beam and N⇤ and N⇥ are the numbers
of events produced in the parallel and perpendicular (relative to the photon polarization) directions,
respectively. For the asymmetry �, there are only Yerevan data in the energy range 0.8-1.6 GeV and at
�cm = 90� [11, 12]. Unfortunately, the data at E� ⇥ 1.4-1.6 GeV have large uncertainties, which do not
allow us to test the models under consideration. However, the Yerevan data indicate that �(90�) might

6

X. Jiang et. al., Phys. Rev. Lett. 98 182302   

E� = 1.86 GeV
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N.	Zachariou,	et	al,		Phys.	Rev.	C	91,	055202	(2015)

Experiment	06-103	(CLAS)
• Results	agree	with	previous	

measurements
• Significantly	improved	

measurements	at	lower	
energies	

• Measurement	extended	up	to	
2.3	GeV
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• Σ determined	over	6	photon-
energy	bins	(200	MeV	wide)

• Σ shows	a	rich	structure	with	
minima	at	90	deg at	low	photon	
energies	and	maxima	at	higher

• Both	models	seem	to	predict	the	
maxima	at	higher	photon	
energies	at	90	deg

N.	Zachariou,	et	al,		Phys.	Rev.	C	91,	055202	(2015)



Study	of	the	Hyperon-Nucleon	Interaction
Motivation

The	understanding	of	both	nucleon-nucleon	(NN)	and	hyperon-nucleon	(YN)	
potentials	is	necessary	in	order	to	have	a	comprehensive	picture	of	the	
strong	interaction

• Understand	the	composition	of	neutron	stars

• Understand	hyper-nuclear	structure	and	hyperon	matter

• Extend	NN	to	a	more	unified	picture	of	the	baryon-baryon	interaction	



Study	of	the	Hyperon-Nucleon	Interaction
How?

Extending	NN to	YN potentials	using	SU(3)	symmetry
free	parameters	remain

Elastic	YN	Scattering
poor	database

Study	of	Hypernuclei
no	direct	access	on	bare	YN interaction

Final	State	Interactions	(FSI)	in	Hyperon	Production
simple	target
sufficient	counting	rates	in	modern	accelerators
model-dependent	data	interpretation

~�d ! K+~⇤n



Study	of	the	Hyperon-Nucleon	Interaction

The	QF	events	can	be	significantly	reduced	experimentally,	enhancing	rescattering contributions	that	will	allow	us	
to	constraint	YN	theoretical	models



Study	of	the	Hyperon-Nucleon	Interaction
Experimentally	accessible	phenomena



Study	of	the	Hyperon-Nucleon	Interaction

•Existing YN models allow the calculation of single
and double polarization observables

•Two YN potentials (NSC97F and NSC89) give the
correct hypetrition binding energy

•NSC97F and NSC89 lead to very different
predictions of polarization observables at some
kinematics

Theoretical	Studies



Study	of	the	Hyperon-Nucleon	Interaction
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Sizable	effects	from	FSI	in	
observables

Use	QF	results	to	study	
method/systematics



Study	of	the	Hyperon-Nucleon	Interaction

• Adequate	statistics	for	extracting	
2-fold	and	3-fold	

differential	

• Goal	is	to	better	tune	the	free	
parameters	of	YN	potentials

• Work	with	theorists	to	interpret	the	
data



Summary
Determination	of	polarization	observables		in	few	body	systems	can	place	stringent	constraints	on	the	underlying	
dynamics	of	the	reaction,	as	well	as	study	initial	and	final	state	effects.

The	CLAS	system	at	JLab provided	the	effective	tools	needed	to	reliably	and	precisly determine	polarization	
observables	over	w	wide	range	of	kinematic	variables.

Beam-spin	asymmetry	of	deuteron	photodisintegration	is	very	sensitive	to	the	underlying	reaction	mechanism.

The	available	theoretical	predictions,	at	their	current	state	fail	to	adequately	predict	the	energy	and	angular	
dependence	of	the	beam-spin	asymmetry.

Studies	on	the	YN	interaction	are	feasible	through	the	study	of	FSI	in	exclusive	reactions

Our	results	will	place	stringent	constraints	on	the	available	YN	potentials	and	contribute	to	the	understanding	
hadron	dynamics	in	which	the	strange	quark	is	involved



Upgraded	Jefferson	Lab

Electron	energy	doubled	to	12	GeV
Three	experimental	halls	upgraded	to	accommodate	new	physics	opportunities
A	new	experimental	hall	for	real	photon	experiments	has	been	constructed

Simula'on of the CLAS12 Forward Electromagne'c Calorimeter 

  C.J. Musalo, J. Carbonneau. G.P. Gilfoyle M.Ungaro 

 University of Richmond – Department of Physics. 

 Mo'va'on:  The primary mission of Jefferson Lab (JLab) is to reveal the quark and 

gluon structure of nucleons and nuclei and to deepen our understanding of con
finement. At JLab 

there is a need for high‐performance compuKng for data analysis and simulaKons. The precision 

of many future experiments will be limited by systemaKc uncertainKes and not staKsKcal ones; 

making accurate simulaKons vital. A physics‐based simulaKon of a new detector (CLAS12) is 

currently being developed called gemc. This new program uses the package Geant4 to calculate 

the interacKons of parKcles with maSer in the components of CLAS12. We have developed a 

mathemaKcal model of the ElectromagneKc Calorimeter (EC) geometry and added a simulaKon 

of the calorimeter to gemc.  

 JLab, CEBAF 
Jefferson Lab (JLab) is located in Newport News Virginia (see figure below) The 

central scienKfic 

instrument is the ConKnuous Electron Beam AcceleraKng Facility (CEBAF), a super‐conducKng , 

racetrack accelerator about a mile long. with three unique detectors in Halls A,B and C. CEBAF 

runs at energies up to 6 GeV now and is being upgraded to 12 Gev. 

 The Hall B Electromagne'c Calorimeter 

The EC is an electromagneKc sampling calorimeter that will cover the forward 

region (5° < θ <45°) of the HallB CLAS12 detector.  

It is constructed from  39 trapezoidal alternaKng 

 layers of plasKc scinKllator strips and lead sheets.  

The scinKllator layers are made up of 37 strips  

each and have three orientaKons (views) that are 

 labeled u,v,w (see EC figure) 

Results from the model:  

     Below are screenshots of CLAS12 in the gemc GUI. The green line in the top 

panel represents a scaSered electron and the red dots are hits  in CLAS12 from
 

this track. The blue lines are neutrons; their hits are green.  

     To test our geometry, we fired tracks from the target to the boundaries of the 

EC. See the boSom panel which shows examples of layer 1 and layer 39 hits. The 

electron track is in white. CalculaKng values that would place a parKcle on a 

boundary would check that our geometry is correct . To be as precise as possible, 

we turned off the magneKc field of the torus magnet so that tracks would be 

straight and used a geanKno.  The geanKno is a special simulated parKcle that 

doesn’t interact with the maSer it passes through. 

    We checked the accuracy of our geometry with 36 test tracks. We sent a track 

through the 1st and last layer of the EC for each of the three vertexes.  We tested 

all six regions.  

References:  
R. Minehart, 'EC Geometry’, EC Geometry, hSp://www.jlab.org/~gilfoyle/CLAS12sokware/CLAS6ECgeometry.pdf, UVA 

G.P. Gilfoyle . M. Ungaro. J Carbonneau. C Musalo.  M. Moog – SimulaKon of the ElectromagneKc Calorimeter in CLAS 

12 (In PreparaKon) 

Work supported by US DOE contract ER‐FG02‐96ER40980 and the APS 

 CLAS 12 Upgrade 

JLab is being upgraded to twice its current operaKng  

energy,  and will have a new detector in Hall B based on the 

current detector (CLAS6) called CLAS12. We are focused on 

 the CLAS12 forward detector. It is composed of many  

alternaKng layers such as drik chambers, Cerenkov  

counters,  Kme of flight  ScinKllators (TOF), and 

 electromagneKc calorimeters (EC). These components each contribute to the 

idenKficaKon and measurement of a parKcles 4‐momenta. Right:  Exploded view of 

one sector of the Hall B CLAS12 detector illustraKng the High Threshold Cheren
kov 

Counter, Drik Chambers, Time of Flight Detectors, and the EC.    

The tracks colors are:  

Neutrons black  

Photons blue  

q=+1 red  

q=‐1 green  
Below:  EC anatomy, showing 

 u, v, and w strips 

CLAS12 Origin 

Layer 1 

Hit 

Aerial photo of Jlab,  

located in Newport 

News, VA 

geant4 volume named G4trap 

EC figure:  

Layer 39 

Hit 

CLAS12 Origin 

Track shot at 1st layer of near angle vertex.  Track shot at 39th layer of top lek vertex.  

Adding the EC to gemc.  

The CLAS6 EC geometry is describes in Ref 1. The descripKon in 

Ref 1 relies on a large set of equaKons and parameters and we 

have streamlined that model to make it more robust and 

easier to maintain. The descripKon uses eleven parameters.  

The EC geometry is generated  in gemc using parameters from 

a MySQL database. Perl scripts are used to put the geometry 

parameters into the detector.  

ec_build.pl: 
Contents‐  ec.build is a Perl script that creates input values for 

geant4. We used Geant4 to construct a volume in gemc  called 

the G4Trap. The EC is made up of 77 G4traps. The figure below 

shows the coordinates used to define this generalized 

trapezoid.  

Inputs‐We used values from our EC mathemaKcal model.  

Output‐ Input values for geant4 . 

go_table  
CONTENTS ‐ go_table is a shell script that  reads the output 

from ec.build, and writes it into a MySQL geometry database 

at JLab. When gemc is given the opKon, it uses values from the 

geometry database to create volumes.  

INPUT‐input values for geant  

OUTPUT‐ MySQL geometry database 


