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Overview

• EMC-SRC Recap 
• Tagged DIS-SRC  
• Status of simulations 
• Outlook and Summary 
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EMC Effect in Different Nuclei
B. Schmookler et al. (CLAS collaboration), Nature 566, 354 (2019)
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SRC Recap
• Nucleon pairs that are close together in the nucleus 
• high relative and lower c.m. momentum compared to 

the Fermi momentum  kF 
• np-dominance 

from Jackson Pybus’ talk, EIC workshop Jan 2020B. Schmookler et al., Nature 566, 354 (2019)
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EMC - SRC correlation

Quasi-ElasticDIS

—> EMC slope

B. Schmookler et al. (CLAS collaboration), Nature 566, 354 (2019)

—> SRC plateaus (a2)
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EMC - SRC Correlation

Fig. 4: The slope of the EMC effect, dR/dx for 0.3 < x < 0.7 with R = F2
A/F2

D, is plotted                                       
versus the magnitude of the observed x > 1 plateaus, denoted as a2, for various nuclei.                             
For data that were taken by completely different groups, the linearity is striking and has                           
caused renewed interest in understanding the cause of both effects. The inset cartoons                       
illustrate the kinematic difference of deep inelastic EMC effect scatterings and the                     
scattering from a correlated pair in x > 1 kinematics.
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• Are high-momentum nucleons responsible for the EMC effect?

Weinstein et al., PRL 106, 052301 (2011), Hen et al.,PRC 85, 047301(2012)
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``Tagged SRC for medium and heavy ions at EIC’’ (LDRD1912)

• Feasibility of tagged SRC in DIS 
• Rates  
• Resolution 
• Detector requirements (focus on forward direction) 
• Required beam energies 

• Tools 
• GCF-SRC event generator 
• BeAGLE - eA event generator 
• g4e - Geant4 simulation for EIC 

• First step - Tagged Quasi-elastic SRC@EIC 
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BeAGLE - Benchmark eA Generator for LEptoproduction
Mark Baker, E. Aschenauer, J.H. Lee, L. Zheng

https://wiki.bnl.gov/eic/index.php/BeAGLE

Merger of 
• PYTHIA 6 (hard interaction) 
• Energy loss of partons: 

PyQM 
• Nuclear environment 

• DPMJET 
• nPDF from EPS09 

• Nuclear evaporation by 
DPMJET3+FLUKA 
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GCF-SRCs and BeAGLE
• GCF = Generalized Contact Formalism (A. Schmidt et al., Nature 578, 540 + references)  
• GCF-DIS in development  
• GCF-Quasielastic (QE) implemented 
• (A-2)-system handled by DPMJET3+FLUKA 
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} Optional (BeAGLE) 
• FSI  
• Intranuclear 

cascading
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Old QE Simulation Results

Recoil
 Nucleon

Leading
 Nucleon

• e+C,  5GeV + 50GeV/nucleon

• √s = 110 GeV ≙ fixed target Pe = 537 GeV

• no crossing angle. no intra-nuclear cascading, no FSI

• QE selection: xB > 1.2, 3 GeV2 < Q2 < 10 GeV2 (from simulation)

[mrad]  3∘
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Old QE Simulation Results (2)
• e+C,  5GeV+50GeV/nucleon, √s = 110 GeV, no crossing angle. no intra-nuclear 

cascading, no FSI, xB > 1.2, 3 GeV2 < Q2 < 10 GeV2
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• Leading, recoil, evaporation nucleons well separated 
• Redo for eRHIC kinematics 
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Kinematics - Collider and Fixed Target

Target fixed target Pe
[GeV]

sqrt(s)
[GeV]

Pe 
[GeV]

Pp
[GeV]

Pp * Z / A
[GeV]

d 2931.6 104.9

10 275 137.5He-4 2950.3 148.4

C-12 2952.3 257.1
d 1066.1 63.2

10 100 50He-4 1072.9 89.5
C-12 1073.6 155.3

d 437.3 40.6
10 41 20.5He-4 440.1 57.4

C-12 440.4 99.9

CMS energy constant for GCF and EIC simulation
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Simulation Chain
GCF-QE

fixed target kinematics

BeAGLE
fixed target

g4e
collider frame  
crossing angle

File Converter

Converter,
Boost, crossing 

angle

(Includes rotation of z-axis)

also 

Full chain 
semiautomatic 
done by scripts 

EICROOT
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QE Results for e+C, 10x50GeV/nucleon
no crossing angle, no intra-nuclear cascading, no FSI, QE cuts: xB > 1, Q2 > 3 GeV2

• Leading and recoil nucleons well separated 
• Similar for neutrons and protons 
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QE Results for e+C, Different Ion momenta
no crossing angle, no intra-nuclear cascading, no FSI, QE cuts: xB > 1, Q2 > 3 GeV2

• Good separation for both kinematical settings 
• Lower Ion momenta  

• Larger angular spread 
• less forward boost 
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QE Results e+C and e+D@20.5GeV/Nucleon
no crossing angle, no intra-nuclear cascading, no FSI, QE cuts: xB > 1, Q2 > 3 GeV2

• Separation a little worse for e+D than for e+C 
• Less CM energy for e+D at same ion momentum
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e+C@20.5GeV/Nucleon: Effect of E* in GCF
no crossing angle, no intra-nuclear cascading, no FSI, QE cuts: xB > 1, Q2 > 3 GeV2

• Leading and recoil nucleons well separated 
• No strong effect 
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Summary and Outlook
• GCF-QE scripts and simulations ready to go 

• e+D, e+He and e+C 
• 3 Ion momenta (41GeV, 100GeV, 275GeV) 

• Recoil and leading nucleons well separated  
• Lower ion momenta settings preferred 

Near term: 
• Study of FSI and intra-nuclear cascading effects via BeAGLE 
• GCF-QE events through g4e and EICROOT (A. Jentsch) 

• Distributions on detectors 
• Resolution effects 

• Increase statistics 

Far term: 
• Simulation of GCF-DIS events 
• Yellow report section 
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Back up slides
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eRHIC Interaction Point

�  mrad±4

Holger Witter talk, EIC meeting Oct 2019,  
https://indico.fnal.gov/event/21416/timetable/#20191009

6 - 20 mrad
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DIS Rates for High-x
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based on super-fast quark yield parametrization, N. Fomin PRL 105, 212502 (2010)
(alternative model: J. Freese et al. Phys. Rev. D 99, 114019) 
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F2 from N. Fomin Paper and Reimplementation
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The structure function per nucleon, F2ð!; Q2Þ, is ex-
tracted from the measured cross section as follows:

F2 ¼
d2"

d!dE

$ !

"Mottf1 þ 2tan2ð#=2Þ½ð1 þ !2=Q2Þ=ð1 þ RÞ'g ; (1)

with R ( "L="T , and is parametrized as R ¼
ð0:32 GeV2Þ=Q2 [9] with $R=R ¼ 50%, yielding an addi-
tional uncertainty of & 1% in F2.

Scaling of the proton structure functions has been ob-
served over a large kinematic range in high energy inclu-
sive scattering. Based on these measurements, the DIS
region is often taken to be W2 > 4 GeV2, Q2 > 1 GeV2,
whereW2 ¼ M2

p þ 2Mp! ) Q2 is the square of the invari-
ant mass of the undetected hadronic system and Mp is the
proton mass. It has been shown that scaling violations are
reduced when one examines F2 at fixed % ¼ 2x=ð1 þ rÞ
[20], where r ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 þ Q2=!2

p
. % is equivalent to x in the

Bjorken limit, but when examining scaling at fixed %,
rather than fixed x, the observed scaling behavior extends
to lowerW2 [12,13], corresponding to larger % values. This
improved scaling can be seen clearly in Fig. 1, where the
upper sets of curves show F2 for carbon plotted against x
(red squares) and % (blue circles) for all Q2 values. The
extended % scaling of the nuclear structure function, seen
to begin above 3– 4 GeV2, may allow access to quark
distributions for % * 1 [21,22]. Beyond the empirical ob-
servation that it yields reduced scaling violations, % is the
variable representing the quark momentum fraction on the
light cone, and also arises naturally from the operator
product expansion [1].

We compare our data to higher Q2 measurements, using
a partonic framework to look for deviations from the scal-
ing picture. Rather than simply examining F2 as a function
of %, as was done previously, we account for the kinemati-
cal scaling violations using the prescription of Ref. [1]

[Eq. (23)] and study the scaling of Fð0Þ
2 ð%; Q2Þ:

x2

%2r3
Fð0Þ
2 ð%; Q2Þ ¼ F2ðx;Q2Þ ) 6M2x3

Q2r4
h2ð%; Q2Þ

) 12M4x4

Q4r5
g2ð%; Q2Þ; (2)

where h2ð%; Q2Þ ¼ R
A
% u

) 2Fð0Þ
2 ðu;Q2Þdu and g2ð%; Q2Þ ¼

R
A
% v

) 2ðv ) %ÞFð0Þ
2 ðv;Q2Þdv. In the operator product ex-

pansion, it is Fð0Þ
2 ð%; Q2Þ, rather than F2ðx;Q2Þ, that should

be independent ofQ2 in the absence of QCD evolution and
higher twist. One could incorporate these effects into a
partonic model for F2, rather than extracting an ‘‘ideal-

ized’’ scaling function, but the improved scaling in Fð0Þ
2

makes it easier to directly compare different data sets.
To calculate h2 and g2, we use a factorized model for

Fð0Þ
2 ð%; Q2Þ, with a common Q2 dependence for all targets

and a simple fit to Fð0Þ
2 ð%; Q2

0Þ for each nucleus. In the
partonic picture, the Q2 dependence should come only
from QCD evolution. Because we cannot determine QCD
evolution without knowing the partonic structure, we fit the
Q2 dependence of the world’s data (shown in Fig. 2),
excluding our lower Q2 points, at several % values to a
functional form chosen to be consistent with evolution.
This is used to scale our new data to Q2

0 ¼ 7 GeV2, and

we obtain a fit for Fð0Þ
2 ð%; Q2

0Þ from a subset of these data,
chosen to minimize contributions from quasielastic
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FIG. 1 (color online). F2 for the E02-019 carbon data (2:3 &
Q2 & 9 GeV2) as a function of x (top set of points) and %
(middle), and Fð0Þ

2 vs % (bottom). In each case, the higher points
correspond to the smaller scattering angles.

10-6

10-5

10-4

10-3

10-2

10-1

 1  10  100  1000

F 2(0
) (ξ

,Q
2 )

Q2 (GeV)2

1.15

ξ=
1.25

0.95

1.05

ξ=
0.55

0.65

0.75

0.85

(ξ=0.75,0.85,0.95,1.05)

E02-019: C
BCDMS: C
SLAC: D*EMC(C/D)
CCFR: Fe

FIG. 2 (color online). Fð0Þ
2 vs Q2 for fixed % value. For this

work and BCDMS, the carbon data are shown, while the SLAC
points are carbon pseudodata taken from measurements on
deuterium. The solid curves are the global fit, the short horizon-
tal red lines show the BCDMS % ¼ 1:15 upper limit, and the
green crosses show the falloff between % ¼ 0:75 and 1.05 based
on the CCFR iron data (see text for details).

PRL 105, 212502 (2010) P HY S I CA L R EV I EW LE T T E R S
week ending

19 NOVEMBER 2010

212502-3

N. Fomin PRL 105, 212502 (2010 
Reimplementation based on 
N. Fomin scripts 



Hauenstein  | 03/19/2020  23

QE Event Handling Procedure

• GCF-QE output of electrons at fixed target

• Process through BeAGLE and convert to ROOT-file


• Fixed target events to collider events 
• Boost from lab to c.m.s with fixed target kinematics 

• Boost from c.m.s to collider lab with e+C(He,d) (10xPp*Z) 

beams

• Add crossing angle (-25mrad) 
• Boost along x-axis with beta = 0.025

• Rotate along y-axis by 0.025 mrad
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QE Simulation Results (no crossing angle)
e + C (5 GeV + 50 GeV)

• Leading, recoil, evaporation nucleons well separated 
• Expecting similar separation of evaporation and recoil 

nucleons for DIS 

Note: This results are without FSI and intranuclear cascading


