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Nucleon structure function 
of nucleon N in nucleus A

unpolarized cross-section in the parton model
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F2 for deuterium and F2 for iron
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DIS scale several GeV, bound energy of nucleons in nuclei ~ MeV
  => F2

N/A  for different nucleus are the same except for Fermi 
momentum of the nucleons (two fermions can not occupy the same 
stationary state)

F2
N/A  describes the absorption of the photon

Theoretical predictions for the Fermi motion 
correction of the nucleon structure function for Iron

J. J. Aubert et al., Phys. Lett., vol. B123, pp. 275–278
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The EMC effect
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An experiment later… Oh oh

It is the EMC effect for European Muon Collaboration effect: depletion of the nuclear 
structure function F2 in the valence-quark regime 0.3≤ x ≤ 0.8. 
Drastically change conventional view of nuclear structure.  

(almost) J. J. Aubert et al., “The ratio of the nucleon structure functions F2
N for 

iron and deuterium,” Phys. Lett., vol. B123, pp. 275–278, 1983.
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An experiment later… Oh oh

(almost) J. J. Aubert et al., “The ratio of the nucleon structure functions F2
N for 

iron and deuterium,” Phys. Lett., vol. B123, pp. 275–278, 1983.

And after?It is the EMC effect for European Muon Collaboration effect: depletion of the nuclear 
structure function F2 in the valence-quark regime 0.3≤ x ≤ 0.8. 
Drastically change conventional view of nuclear structure.  
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EMC and first models

gcharles@odu.edu                                                                                                                                                                                          Pizza seminar, 18/10/2017                                                                                                                                                        5

Simple models of reduction of valence 
quark momentum

Quarks in nuclei move through a larger 
confinement volume (uncertainty principle) 

Bound nucleons are larger than free ones 

Nucleons in nuclei move in 6, 9 or 3A quark 
bags 

Nuclear binding, Fermi motion, pionic 
effects
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Everyone’s Model is Cool

Simple models of reduction of valence 
quark momentum

Quarks in nuclei move through a larger 
confinement volume (uncertainty principle) 

Bound nucleons are larger than free ones 

Nucleons in nuclei move in 6, 9 or 3A quark 
bags 

Nuclear binding, Fermi motion, pionic 
effects

Many models were able to fit the data, such that EMC became:

G. Miller
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Everyone’s Model is not Cool
(+other failures of models +Drell-Yann data)
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Surviving models
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Two types of models mainly

Are they able to explain everything? 
                             Yes => new experiments

“Conventional” nuclear models in which the effect could be understood by a reduced 
effective nucleon mass due to the nuclear binding, causing a shift of xB to higher 
values (xB -rescaling or binding models). In these models the mass shift is sometimes 
accompanied by an increased density of virtual pions associated with the nuclear 
force (pion cloud models).

Models involving the change of the quark confinement size in the nuclear medium 
can be viewed, in the language of QCD, as Q2 rescaling models. In some cases, a 
simple increase of the nucleon radius is assumed (nucleon swelling), while in others, 
quark deconfinement is invoked and the nucleon degrees of freedom are replaced by 
multi-quark clusters.

other models
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Results around the EMC effect
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Slope of the EMC effect as a function of 
the nuclear density

Look at the correlation between EMC 
effect slope and the nuclear density

Seemed fine

J. Seely et al. PRL 103, 202301 (2009)
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Slope of the EMC effect as a function of 
the nuclear density

Look at the correlation between EMC 
effect slope and the nuclear density

Seemed fine

Until 9 Be was studied

EMC effect is not a bulk property of the 
nuclear medium

=>

J. Seely et al. PRL 103, 202301 (2009)
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=> maybe local density is important. Short Range Correlated pairs are density dependent.

Slope of the EMC effect as a function of 
the nuclear density
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effect slope and the nuclear density
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EMC effect is not a bulk property of the 
nuclear medium

=>

J. Seely et al. PRL 103, 202301 (2009)
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=> maybe local density is important. Short Range Correlated pairs are density dependent.

Slope of the EMC effect as a function of 
the nuclear density

Look at the correlation between EMC 
effect slope and the nuclear density

Seemed fine

Until 9 Be was studied

Correlated pairs represents 20% of the total 
number of nucleons but carry 80% of the 
momentum of the nucleon

a2N (A/d) is the SRC scale factor, it characterizes 
the SRC. is it due to similar density 
dependence?

EMC effect is not a bulk property of the 
nuclear medium

=>

J. Seely et al. PRL 103, 202301 (2009)

L. B. Weinstein et al. PRL. 106, 052301 (2011)

=> reinforces the idea of a local density effect
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EMC program at JLab

Several experiments approved to study the EMC effect at JLab:

experiments 12-10-008 (Hall A) MARATHON (Hall C) will measure σA /σD on 
light nuclei to study the dependence of the EMC effect on local density and 
isospin symmetry as well as extend to higher x and Q2

experiments 12-14-001 (Hall B) and 12-14-002 (Hall C) will measure the spin 
structure function to see if the EMC effect is affecting similarly all structure 
functions

experiments 12-11-107 (Hall C) and 12-11-003A (Hall B) will study the link 
between SRC and EMC effect in deuterium

ALERT: measurement on two nuclear targets to study the dependence of the 
EMC effect on the nuclei 
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DIS in the spectator mechanism

e
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Kinematic variables:

Kinematic factor

Three momentum-
distribution of the 
bound nucleon
=> gives access to 
nuclear medium

Nucleon structure function 
of nucleon N in nucleus A
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EMC effect and ALERT experiment (1/2)
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How is ALERT experiment going to study the EMC effect? Spectator mechanism.

e

X

A
A -1 

e e’
● ALERT will detect the electron and the recoil 

nucleus (A-1) for deuterium target and 
helium target

 proton, deuterium, tritium, alpha, helium 3

=> ALERT must be able to detect and identify

To reduce the probability of interaction of 
the recoil nucleus with nucleus fragments, 
the recoil particle must be measured at 
high angle and low energy

=> ALERT must be able to detect and identify

 proton, deuterium, tritium, alpha, helium 3, < 150 MeV/c and θ> 100º 
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EMC effect and ALERT experiment (2/2)
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The recoil particle gives a better access to the nuclear medium influence on the EMC effect 

Different models give very different values for the 
observables accessible to ALERT
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ALERT experiment background
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Final State Interaction (FSI)
needs to be understood
not well measured nor calculated
using different nuclei should 
provide a better understanding

Radiative corrections:
well understood
well calculated
iterative correction (F2 x QED)

=> reduced at high angle and low momentum
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It’s hardware time
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Hardware time!
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Is a new equipment needed?

ALERT will measure protons to He4 between 70 MeV/c and 150 MeV/c over a large polar 
angular range up to 170º in coincidence with scattered electrons. 

CLAS12 forward detectors will detect 
the scattered electrons.

CLAS12 Central tracker

 Particle rate: 5 MHz
 Trigger rate: 2 kHz
 Included in the trigger
 3 mm vertex resolution in z (beam axis)
 σp = 10% at 100 MeV/c

Other ALERT detector requirements:
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CLAS12 central tracker:
Threshold above 150 MeV/c for protons
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YES

CLAS12 central tracker:
Threshold above 150 MeV/c for protons
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ALERT

A Low Energy Recoil Tracker
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Drift chamber: tracking + momentum
Scintillators   : pid
Trigger: both

 Low material tracker
 Fast detector if wires are not too far and gas well 

chosen 
 Both detectors can be included in the trigger
 Separate protons, deuterium, tritium, 3He, alpha

30 cm
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Drift chamber
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- Dimuon arm of ALICE built and designed at Orsay

- ATLAS small wheel: 2 mm gap over about 1.3 m

- Belle II (KEK-Japan) small-cell drift chamber:

- Engineers and technicians at Orsay are building
  by hands small “paddles” where the gap between 
  wires is 1 mm.

Orsay team is confident 
that they can build a wire 
chamber with a 2 mm 
gap between wires

What is the state of the art for drift chamber?
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Drift chamber layout
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Use stereo angle to determine the position along the beam axis
Space between two wires of different potential: 2 mm

A prototype with different cell configuration is being mounted.

GARFIELD simulations of the electron drift lines, G. Dodge

Layout of the wires (elementary cell)

Maximum drift time estimated to be 350 ns
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Drift chamber layout
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Use stereo angle to determine the position along the beam axis
Space between two wires of different potential: 2 mm

A prototype with different cell configuration is being mounted.

Maximum electron drift time estimated to be 200 ns
Example of a layout. In 
this configuration there 
are 662 sensitive wires 
and 1986 field wires
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Drift chamber scheme
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Latest update on hardware
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The drift chamber is 
divided in sectors to 
ease the replacement 
of a wire and mounting
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Carbone wire drift chamber
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Carbon wires could be used instead of tungsten wires: less material, and 
lighter. R&D required to verify that it can be used for ALERT.

Soldering ability on a curved surface

Test in a low pressure

chamber
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Scintillators layout
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The time resolution expected is below 150 ps

2 layers of scintillators
 60 bars, 2x300x8 mm3, readout by SiPM on both 
sides
 600 bars, 18x30x8.5 mm2, readout by SiPM on one 
side

Several layers are superimposed which allows 
to measure dE/dx and help to identify particles.
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Resolutions for protons
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Theta [rad]

Z [mm]  Pt [%]

Phi [rad]

Resolutions for protons

~ 3 mm at the vertex ~ 5 %

~ 0.07 rad (4°)~ 0.02 rad (1.15°)

Threshold: ~70 MeV/c at 90°
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Resolutions for alphas
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Phi [rad]

Resolutions for alphas

Theta [rad]

Z [mm]  Pt [%]

~ 5 %

~ 0.09 rad (5°)~ 0.03 rad (1.7°)

~ 2.5 mm at the vertex

Threshold: ~220 MeV/c at 90°
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Pid
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+ Edep for 2H 
and alphas

With a 150 ps time resolution and a 10% energy resolution of the scintillators,
if all five species are present in similar quantities:

99% of protons identified are protons
92% for helium 3
98% for hydrogen 3

85% for deuterium
88% for alphas
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Measures
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deuterium target (red), helium 4 (blue)

The ability of ALERT to distinguish 
models is confirmed after the 

simulation of the detector
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Conclusions

ALERT: 
new experiment to solve the EMC effect
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tagged DIS: 
the recoil 
nucleus is 
detected
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