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Goals of Experiment

Measure the absolute cross section for inclusive 
scattering from 3H and 3He in the DIS region

Extract the F2
n/F2

p ratio from the 3He/3H ratio, then extract 
the u/d ratio for x  from .25 to .77 

Determine the magnitude and x dependence of the 
EMC effect in 3H and 3He 
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Physics Introduction
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Quark-parton model

Structure functions depend only on x if scattering is 
from pointlike partons, and F1 and F2 are simply 
related – 2xF1=F2
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Relation of Structure functions and 
distribution functions
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Structure functions and u/d

F2
n/F2

p = (1+4(D/U) / (4+(D/U),  where 

U= (u+u-bar) and D=(d+d-bar)

The ratio is bounded by the limits of ¼ and 4.

Ratio has been extracted from scattering on 
proton and deuteron at SLAC with corrections 
for Fermi-motion in the nucleons.

However, extraction depends on model 
of nuclear corrections in deuterium.
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Theoretical expectations at high x

S indicates total spin of diquark partner of quark

d/u = ½ for perfect SU(6) symmetry
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Theoretical expectations

SU(6) is broken – if S=1 is suppressed relative 
to S=0 as x 1, d/u 0

Predictions of pQCD models of Farrar & Jackson, and a 
similar treatment by Brodsky, in which SZ = 1 terms are 
suppressed  gives d/u 1/5

These substantially different predictions are all 
allowed by the current data due to the large uncertainty 
due to nuclear corrections in the deuteron.
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EMC Effect

The EMC effect refers to the change in quark distribution 
functions in nuclei compared to the deuteron.

Although it was discovered 20 years ago, there is still no 
complete theory for the effect at all x. 

The size of the effect in the lightest nuclei (3He and 3H) is still 
unknown.  A precision measurement of this is considered 
essential to understanding the EMC effect.
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EMC Effect
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DIS with 3H and 3He

In the absence of the Coulomb interaction and if isospin 
symmetry applied exactly, the properties of the proton in 
3H would be identical to the neutron in 3He.

Of course, 3He and 3H are not identical.  However, 
they are similar.  Thus, if we take the ratio of cross 
sections, the nuclear effects largely cancel.

For example, the ratio of the EMC effects is 
predicted to be less than 2% for x<0.8
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Experiment

Beam – 6 GeV at 100 µA 

Targets – 11 atm, 300 K 3He and 3H

Spectrometer – Hall C HMS or Hall A HRS

Measure at W = 2.0 GeV 
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The tritium target
Target will be stainless steel cylinder:

Diameter 1.5 cm, Length 12 cm

11 atm 3H at room temperature

Target density  9.6 x 10-4 g/cm3, activity is 190 Ci

Acts as ideal gas to 10-4 level – can calculate density.

Activity is 700 times lower than safely used at Bates, 100 
times lower than cold high pressure target investigated at 
tritium workshop.
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Time Requirements

Primary measurement – 24 days

Calibrations etc – 11 days

Systematic control requires measurement of elastic 
cross sections at low momentum transfer where cross 
sections are well known.
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Anticipated Results u/d
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Anticipated results EMC effect
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Comparison with BoNuS

BoNuS will measure u/d by measuring the neutron 
structure function in deuterium by tagging the very 
low momentum proton.

Statistical precision comparable, but BoNuS has 
larger overall and point-to-point systematic errors 
than this experiment.

Experiments are complementary – provide two 
ways to measure this important quantity.
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Conclusions

The u/d ratio can be determined from x = .24-.77 with 
high precision

Determine EMC effect in 3He and 3H

Requires only low activity target (190 Ci)

Total running time – 35 days
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