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Shadowing - Daresbury Pion 
ElectroProduction (PEP) Experiment 

Real photons had been
seen to behave like 
hadrons (r, w, f)

Shadowing: Aeff/A is 
less than unity for 
Q2=0

What happens for Q2>0 ?

PEP saw shadowing!
(Radiative corrections were an issue)



Compilation of Shadowing Data
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For Q2 away from zero, 

the data were confusing



Fermi Motion Calculations
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Fermi Motion 
expected to 
affect 
kinematics at 
high xBj



Expect Iron is just Dense
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Text from EMC LOI CERN/I 73-15 

Neutrino Experiments typically used Iron (CDHS) or Marble (CHARM)

So will enhance the luminosity compared to H2 or D2

Note that for muons, radiative effects are much reduced compared to electrons



European Muon Collatoration (NA2) 
Authors 
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EMC (NA2) Muon Scattering Experiment
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Experimental Playing Field

With Muons Rad. Corr are less, can use Heavy Target 

BFP(FNAL E203 – Iron, CERN (NA4) Carbon → high luminosity

EMC STAC: Sampling Total Absorption Calorimeter
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The STAC Target
STAC: Sampling Total Absorption Calorimeter
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A Surprise: The EMC Effect
Unexpected

Despite the high 

momentum 

transfers involved

the measured F2 
N

depends on the 

nucleus!!!!!

Lots of post-data 

wisdom from 

theorists!!

Also
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Shaded Band represented systematic uncertainties



The EMC Publication
The Ratio of the Nucleon Structure Functions F2

N for Iron and Deuterium

J. J. Aubert et al, PL 123B, 275 (1983)

Slope -0.52 +/- 0.04 (stat) +/- 0.21 (syst) 

No PREdictions, 

So no theory explanations included

(see later)
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Fe/D x, Q2 Dependence
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EMC Data Fe: 120, 250, 280 GeV

D  : 280 GeV 



Arie Bodek Thesis Reanalysis
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SLAC E87

A. Bodek et al, PRL 50,1431 (1983)

Strong argument for data retention!



Bodek finds more
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A. Bodek et al, PRL 51, 534 (1983)

SLAC E49B, E87



Fermilab E665 Results
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E665

M.R. Adams et al, PRL 68 3266 (1992) 

E665

M.R. Adams et al, Z. Phys. C67 403 (1995) 

Shadowing at low xBj now clearly established.



Theorists were quick off the mark 
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The preliminary result was made public at the 1982 (Paris) 
Rochester Conference:

Among the theoretical ideas, one that this was all due to pions 
in the nucleus was discussed by telephone in office in

Theory Division at CERN                               and in office at MIT?
Chris Llewellyn-Smith Bob Jaffe
Kolya Nikolaev (N3)
Tony Thomas
+ me

I stayed quiet!



Pions at low x plus 6-quark bag 
Bob Jaffe
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Quark Distributions in Nuclei

R. L. Jaffe, PRL 50,228 (1983)

C.H. L.S debates impact on QCD fits



Pions in the Nucleus
Tony Thomas
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Pionic Corrections and the Enhancement of the Sea in Iron

M.A. Ericson & A. W. Thomas, Phys. Lett. 128B 112 (1983) 



A Smorgasbord of Post-dictions
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Nuclear Effects in Deep Inelastic Scattering

C. H. Llewellyn Smith, Oxford 37/83

• 6 Quark bags: Jaffe

• Pions in Nucleus: Llewellyn Smith, Ericson & Thomas

• Change of Confinement Scale: Close, Roberts & Ross

• Nucleus as single bag: Nachtman & Pirner

• Nucleus as a single bag: Furmanski & Krzywicki

• a clusters: Faissner & Kim

• More D in Iron: Szwed



One belatedly recognized PREdiction
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Anomalous nuclear enhancement  of inclusive spectra at large transverse momentum

Andre Krzywicki, Phys. Rev D 14, 152 (1976)



Conversation in Leningrad with 
Frankfurt & Strikman
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Frankfurt & Strikman seem to connect EMC effect to backward nucleons

-- connection to this workshop??? (also to BONUS experiment!)



Reactions to the Result
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Franz Eisele (CDHS) gave the summary talk at the Paris 
Conference. He suggested that the systematic uncertainties 
needed to be scrutinized.

The result in its gross characteristics was confirmed

When I talked with Roy Holt after I had moved to Jefferson Lab, 
he said that his initial reaction was that EMC members were 
all particle physicists and that real (read nuclear) physicists 
would sort it out in a few months.

~ 40 years and still standing



The Story Cleaned up
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Fermi Motion

From Higinbotham, Hen, Miller & Rith

CERN Courier 30th Anniversary of the EMC Effect

Klaus Rith led the analysis of the seminal 250 GeV Iron Data
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Summary

When we proposed and planned the EMC 
experiment, we were looking to extend the 
experimental studies characterized by the Quark 
Parton Model, the scaling observed at SLAC, and to 
test the (literally) evolving QCD understanding of 
Deep Inelastic Scattering.

The observation of a difference between F2
N for 

0.1<xBj <0.7 as measured in Iron and in Deuterium 
was a complete surprise. 

The best kind of experimental result!
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Pion ElectroProduction Experiment (PEP)
Daresbury Nuclear Physics Laboratory
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Nature of the Photon

Situation was very confusing
Real photons behave like hadrons:

Shadowing: Aeff/A is less than unity for Q2=0

At relatively low Q2 we see point-like behavior, eg in Deep Inelastic 
Scattering

We found ( ~ 1 day before 
Christmas 1973?) that the 
experiment is very difficult;
radiative effects are ~ Z2



FNAL Muon Experiments: Phase I

E26 (Chen-Hand)  -- Fe Target apparatus scaled with Em

E98, E398 (CHIO) – Chicago Cyclotron Magnet H2, D2 target

E319 (Chen)

Step at W2=80 GeV2

E203 (BFP)

Multi-m, high L

6

BFP potential scoop was strong 

motivation for EMC Iron Target



October 12, 2006 30 Colloque 60e Anniversaire 
de Joel Feltesse

BCDMS Muon Scattering Experiment



CERN Courier takes ownership
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From Higinbotham, Hen, Miller & Rith

CERN Courier 30th Anniversary of the EMC Effect



Some Mongrel Plots
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Conversation in Leningrad with 
Frankfurt & Strikman
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Conversation in Leningrad with 
Frankfurt & Strikman
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