
Measurement of the Nuclear Dependence of R = σL/σT in
Semi-Inclusive Deep Inelastic Scattering

A Proposal to PAC 52

Spokespersons: P. Bosted, W. Brooks, R. Ent, D. Gaskell, E. Kinney, H. Mkrtchyan

May 1, 2024



i

Contents

1 Executive Summary 1

2 Introduction and Overview 2

3 Proposed Measurements and Experimental Details 4
3.1 Kinematics and Rate Estimates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.2 Projected Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

4 Summary and Beam Time Request 8



1

1 Executive Summary

There is little experimental information about the relative contribution of longitudinal photons to semi-
inclusive deep inelastic scattering (SIDIS). Knowledge of R = σL/σT in SIDIS is crucial for interpretation
of SIDIS measurements in terms of the many response functions of interest. This lack of experimental
information on the proton and deuteron (neutron) will soon be addressed by experiment E12-06-104 which
is expected to run in the next few years in Hall C. While SIDIS on the nucleon is used to extract information
about the longitudinal and 3D structure of the nucleon, nuclei can be used as a laboratory to study quark
hadronization in SIDIS. Correct interpretation of these measurements also requires knowledge of R. To date,
nuclear SIDIS measurements have assumed no nuclear dependence of R. This experiment will make limited
exploratory measurements of a possible nuclear dependence of R in SIDIS to support hadron attenuation
measurements. If a nuclear dependence is observed, this could be a sign of novel physics and would suggest
further studies are merited. We request 4.4 days to measure SIDIS from carbon and copper targets using the
HMS and SHMS in Hall C. These data, in combination with the proton and deuteron data from E12-06-104
will allow precise determination of the nuclear dependence of R in SIDIS.
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2 Introduction and Overview

In the naive quark model, the pT and ϕ integrated cross section for semi-inclusive deep inelastic scattering
(SIDIS) can be written,

dσ

dEedΩedz
= σe

dσ

dz
, (1)

where σe is the inclusive electron scattering cross section and dσ/dz can be written,

dσ

dz
=

dσ
dEedΩedz

σe
=

∑
f

e2fqf (x,Q
2)Dh

f (z), (2)

where ef and qf are the charge and distribution of a quark of flavor f and D is the fragmentation function.
This simple expression describes the connection between the probability to find a particular flavor quark in
a nucleus and the probability for that quark to end up in a hadron of type h. However, Eq. 2 is only properly
true for the cross section from transversely polarized virtual photons - there will also be contributions to the
SIDIS process from longitudinal photons.

The longitudinal photon-quark cross section is described by a higher twist interaction and a simple
estimate from [1] relates it to the transverse momentum of the quarks in the nucleon k2T :

R = 4(M2x2 + k2T )/(Q
2 + 2k2T ). (3)

The unpolarized SIDIS cross section (with ϕ dependence) including the contribution from longitudinal
photons can be written,

σ ∼ FUU,T + ϵ FUU,L +
√
2ϵ(1 + ϵ) cosϕh F

cosϕh
UU + ϵ cos 2ϕh F

cos 2ϕh
UU . (4)

Typically, the longitudinal part of the cross section is just subtracted before the factorized description is
used, and in the case of most SIDIS analyses, it is assumed that the value of R = σL/σT is the same for
SIDIS as in inclusive electron scattering.

The R-SIDIS experiment (E12-06-104) in Hall C will make a first systematic measurement of the lon-
gitudinal cross section of the SIDIS process from H and D targets as a function of z, pT and hadron type. A
variation of R as a function of these variables would indicate that the longitudinal and transverse components
are sensitive to the photon polarization, hence the simple naive factorization must be more complicated. This
could result from higher twist mechanisms being more predominant at different z and pT .

If one now embeds the SIDIS process in a nuclear environment, one will have a fragmentation process
that develops within an environment where additional interactions may occur after the initial photon-quark
absorption. In addition, the kT distribution within the nucleus may be modified from that of the free nucleon
and the presence of nearby nucleons may enhance indirect gluon and higher-twist effects in a way that alters
the initial longitudinal photon-quark process when coupled to a SIDIS final state.

One can study the impact the of nuclear environment experimentally by forming the ratio of multiplici-
ties from a nucleus to that from deuterium,

Rh
A =

Nh
A/N

e
A

Nh
D/N

e
D

=

(
dσ
dz

)h
A(

dσ
dz

)h
D

.

From the simple picture above (Eq. 2), deviations of this ratio from 1.0 should directly correspond to changes
in the fragmentation process due to quark, pre-hadron, or hadron interactions in the nucleus. Such mea-
surements have been made by several experiments, most recently by HERMES [2] and the CLAS collab-
oration [3]. Examples of the extraction of the hadron attenuation ratios for several nuclei in the CLAS
spectrometer and as measured by the HERMES collaboration are shown in Figures 1 and 2.
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FIG. 1. Multiplicity ratio of π+ and π− as a function of z; the three different panels show results for C, Fe, and Pb targets, respectively. The
error bars represent the quadrature sum of systematic and statistical uncertainties, which is dominated by the systematic uncertainties that are
partially correlated point to point. The points have a small horizontal shift for better visualization. The lines correspond to model calculations
from GIBUU, GK, and the LIKEn21 nFFs. The bands represent the uncertainty of the LIKEn21 nFF set. The numerical values of the data
points and associated errors of this figure are shown in Table II in the Appendix section of the article.

“prehadron” interactions,3 color transparency, and nuclear
shadowing. These ingredients have been postulated to be nec-
essary to describe nuclear modification of hadrons produced
in DIS by the HERMES and EMC experiments [16]. The
default parameters of GIBUU 2019 are used.

We also compare the data with a model by Guiot and
Kopeliovich (GK) [36] based on a combination of quark-
energy loss and prehadron absorption. Prehadrons refers to
a color-singlet state that evolves after a certain time to a
final-state hadron. These prehadron states are assumed to have
smaller cross sections for inelastic interactions with the nu-
clear medium, and thus a reduced probability of absorption,
compared to final-state hadrons. Within this model the pre-
hadron absorption is the most relevant mechanism to describe
the HERMES data [37] and is expected to dominate at JLab
energies. This model attempts to describe the modification of
the leading hadrons only, which is why the predictions are
given for z > 0.5.

We also compare our data with a calculation based on nu-
clear fragmentation functions [38] (nFFs), which effectively
parametrize the nuclear modification of hadron production.
In particular, we compare to the LIKEn21 set of nFFs that
were extracted from a fit to HERMES data [39] and the De
Florian-Sassot-Stratmann fragmentation functions [40] as a
baseline. The Q2 dependence of the nFFs is assumed to be
dictated by the same evolution equations as FFs [38]. The
calculation is applicable for 0.2 < z < 0.8, as the nFF are not
well constrained outside that range.

The data are qualitatively described by GIBUU over most
of the kinematic range for all targets. The z dependence of

3In the GIBUU model, “prehadrons” are treated like ordinary
hadrons but with reduced cross section; they are also not allowed
to decay during the hadron-formation time [35].

the data is well described but the magnitude differs by about
10%. The GIBUU model predicts little difference between
the π+ and π− multiplicity ratios for C and Fe, except at
low z it predicts Rπ+

h to be about 10% larger than Rπ−

h . This
difference is not seen in the data. For Pb, GIBUU predicts
that Rπ−

h is about 10% larger than Rπ+

h over most of the z
range, which is consistent with the data. This difference can
in part be explained due to the larger number of neutrons than
protons in Pb, although flavor-dependent nuclear effects might
also contribute. The low-z region is qualitatively described by
the GIBUU model, which attributes the enhancement due to
the creation of secondary hadrons in final-state interactions,
which shift the spectral strength from high to low values of
z. The data are also consistent with the GK model over the
region of its applicability for all targets. The GK model does
not predict a significant difference between the suppression
pattern of π+ and π−, which is consistent with the data at
high z. The calculation obtained with the LIKEn21 nFF set
predicts a weaker z dependence than is in the data, with the
largest discrepancies observed at high z. The predicted small
differences between the π+ and π− are similar to what is
observed in the data, but the large uncertainty in the model
prevents us from drawing strong conclusions.

Figures 2 and 3 show the multiplicity ratios in bins of Q2

(in GeV2) and ν (in GeV) for π+ and π−, respectively. For
the Rπ+

h , the suppression increases monotonically with z for all
Q2 and ν ranges. For Rπ−

h a similar suppression is observed,
although at mid and high ν values, this suppression plateaus
at z > 0.5.

The data show a rather weak Q2 dependence, around 10%
at low z, which is consistent with the GIBUU model. This
feature is also consistent with the GK and LIKEn21 models,
which are not shown in Figs. 2 and 3 for clarity. HERMES
saw the same weak Q2 dependence of the ratios over the wider
range 1.0 < Q2 < 10 GeV2 [8].
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Figure 1: Hadron attenuation ratios in carbon, iron, and lead nuclei for charged pions from CLAS [3].
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Figure 2: Hadron attenuation ratios in helium, neon, krypton, and xenon nuclei for positovely charged pions,
kaons, and protons from HERMES [2].

Possible contributions from longitudinal photons are also relevant in the interpretation of the Rh
A ratios

extracted from measurements of SIDIS from nuclei. It is implicitly assumed that there is no nuclear depen-
dence in the contribution from longitudinal photons in SIDIS. If the value of R in SIDIS differs from that in
DIS, and that value of R is nuclear dependent, there will be non-trivial impact on measurements of hadron
attenuation in nuclei.

While a possible nuclear dependence of R has not yet been studied in semi-inclusive DIS, it has been
investigated in both inclusive DIS, and exclusive processes.
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FIG. 10. (Color online) The plot in the top left panel is the phase
space comparison between the high (black) and low (green) ε for −t

vs Q2. The plot in the top right panel is the phase space comparison
for W vs Q2. The plot in the bottom left panel shows the comparison
for −t vs W . The bottom-right panel shows the azimuthal coverage
for these two data sets.

simulation is used to account for the correction between the
cross section evaluated at the center of each φ bin and the one
for the entire φ region. The four structure functions in Eq. (8)
are extracted by fitting the data with respect to φ for both high
and low ε settings simultaneously. A representative fit for the
hydrogen target at Q2 = 2.15 GeV2 can be found in Fig. 11.
In the analysis, an additional acceptance cut is used to ensure
that the kinematic region given by W , Q2, and t is the same
at high and low ε. Such a phase space comparison is shown in
Fig. 10.

The same fitting procedure described above could be used to
obtain the Rosenbluth-separated pion electroproduction cross
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FIG. 11. (Color online) Representative plot of the experimental
cross sections, d2σ

dtdφ
as a function of the azimuthal angle φ at Q2 =

2.15 GeV2 for high and low ε. The curves shown represent the fits
of the measured values of the cross section to Eq. (8). The −t in this
plot correspond to the common region between the high and low ε

data shown in Fig. 10. Only the statistical uncertainties are shown.
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FIG. 12. (Color online) The ratios of longitudinal to transverse
cross sections for pion electroproduction from 1H, 2H, 12C, and
63Cu targets at fixed Q2 = 2.15 (left) and 3.91 (right) GeV2. The
inner error bars represent the statistical uncertainties, while the
outer error bars are the sum in quadrature of the statistical and
systematic uncertainties. The curves represent constant-value fits to
all nuclear data at a fixed Q2. The probabilities of these constant-value
fits, assuming Gaussian statistics, is 69% and 70%, respectively.
The statistics at Q2 = 3.91 GeV2 are limited, and the statistical
uncertainties for carbon and copper targets are larger than 50%.

sections. However, while this separation is relatively straight-
forward for a hydrogen target, a similar separation for nuclear
targets relies on the assumed quasifree reaction mechanism.
This is because beyond the W , Q2, and t dependence, the
elementary off-shell pion electroproduction cross section has
a Pπ dependence in the nuclear medium. The quasifree Pπ

dependence, which is taken into account in the Monte Carlo
simulations for the nuclear targets, is used as a starting model.
Then the iterative procedure described earlier is followed. This
implies that the extracted nuclear cross sections represent the
averaged values integrated over a wide kinematic acceptance,
rather than the bin-centered values. These averaged cross
sections are used to obtain the longitudinal-to-transverse
ratios between nuclear and hydrogen targets. The ratios of
longitudinal-to-transverse cross sections at fixed Q2 = 2.15
and 3.91 GeV2 for the various targets used in this experiment
are shown in Fig. 12. We find no difference, within the
experimental uncertainties, between the ratios of longitudinal
to transverse cross sections for nuclear and hydrogen targets;
this can be viewed as a confirmation of the quasifree reaction
mechanism.

VIII. SYSTEMATIC UNCERTAINTY STUDIES

Table III lists the systematic uncertainties associated with
the extraction of the nuclear transparencies. Several sources of
these uncertainties were discussed in Secs. VII A1–VII A4.

The uncertainty in the acceptance is based on extensive
single-arm elastic and deep-inelastic measurements from
Refs. [45,46] and 1H(e,e′p) data, including sieve-slit data on a
carbon target, taken to check the optical matrix elements. The
influences of the uncertainties in the offsets in the kinematical
variables such as beam energy, momenta, and angles were
determined by changing their values by their uncertainties and
evaluating the resultant changes in the cross sections.

055209-12

Figure 3: Measurements of R = σL/σT for 1H, 2H, 12C, and Cu for exclusive π+ production [4]. The data
at Q2 = 2.15 GeV2 correspond to W = 2.21 GeV and x = 0.35, while the points at Q2 = 31.9 GeV2 are
at W = 2.26 GeV, x = 0.43.

Direct measurement (via Rosenbluth separation) of the nuclear dependence of R in inclusive DIS has
been studied by the SLAC E140 experiment [5]. The results from this experiment suggested no nuclear
dependence of R, however, re-analysis of the E140 data with appropriate Coulomb Corrections suggests a
non-zero nuclear dependence [6]. Furthermore, an analysis of the ϵ dependence of σA/σD for copper and
iron target data at x = 0.5 from several experiments also suggests a non-zero nuclear dependence [7]. In
addition, preliminary results from Hall C experiment E04-001 [8] also suggest a non-zero nuclear depen-
dence of R in the resonance region. The nuclear dependence of R will be studied in more detail by Hall C
experiment E12-14-002 [9].

On the other hand, a possible nuclear dependence of the longitudinal cross section in exclusive charged
pion production from light nuclei has been investigated by Hall C E91-003 [10] and the nuclear dependence
of R in heavier nuclei in Hall C E01-107 [4] (see Fig. 3). Neither experiment saw evidence of nuclear
dependence within the precision of their results.

The addition of measurements of the nuclear dependence of R in SIDIS will allow us to obtain a more
complete picture of the role of longitudinal photons, filling in the ”gap” between inclusive DIS and exclusive
processes. The relatively modest amount of beam time requested in this proposal will either support the
assumptions generally made about the nuclear dependence of R in SIDIS and in the interpretation of nuclear
effects in semi-inclusive production of pions, or, in the event of the observation of some nuclear dependence,
suggest that our picture of SIDIS from nuclei is incomplete.

3 Proposed Measurements and Experimental Details

We intend to measure R = σL/σT in semi-inclusive π+ production with carbon and copper targets at
x =0.2, 0.4, and 0.5. At x = 0.2, we will measure the z dependence, while measurements at x = 0.4 and
0.5 will only be made at z = 0.5.
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3.1 Kinematics and Rate Estimates

This experiment will make measurements of semi-inclusive π+ production from carbon and copper using a
subset of the kinematics planned for the E12-06-104 [11]. The full kinematics for E12-06-104 are shown
in Table 1. E12-06-04 will make a comprehensive survey of R in SIDIS, measuring the z-dependence at
x = 0.2 and 0.4, measuring the pT dependence at x = 0.3, and measuring the x-dependence at fixed z from
x = 0.15 to 0.5 for proton and deuteron targets. The scope of this proposal is more limited, aiming to make
measurements over a range of z at x = 0.2, and additional measurements at a fixed value of z-0.5 for x = 0.4
and 0.5 using carbon and copper. There will not be a dedicated attempt to measure the pT dependence, but
the spectrometer acceptance will allow measurements out pT ≈ 0.3 GeV, with full azimuthal coverage to
0.2 GeV (see Fig. 4).

x Q2 z θpq Targets Ebeam ϵ
(GeV2) (degrees) (GeV)

0.2 2.0 0.3,0.4,0.5,0.65,0.85 0.0 LH2,LD2,C,Cu 6.6 0.34
0.3,0.4,0.5,0.65,0.85 0.0 LH2,LD2,C,Cu 8.8 0.66
0.3,0.4,0.5,0.65,0.85 0.0 LH2,LD2,C,Cu 11.0 0.80

0.4 4.0 0.3,0.4,0.5,0.65,0.85 0.0 LH2,C,Cu 6.6 0.31
0.3,0.4,0.5,0.65,0.85 0.0 LH2,C,Cu 8.8 0.65
0.3,0.4,0.5,0.65,0.85 0.0 LH2,C,Cu 11.0 0.79

0.3 3.0 0.5 -2.0,0.0,5.0,10.0,15.0,20.0 LH2 6.6 0.33
0.5 -2.0,0.0,5.0,10.0,15.0,20.0 LH2 8.8 0.66
0.5 -2.0,0.0,5.0,10.0,15.0,20.0 LH2 11.0 0.88

0.15 1.5 0.5 0.0 LH2 6.6 0.35
0.5 0.0 LH2 8.8 0.67

0.5 5.0 0.5 0.0 LH2, C,Cu 6.6 0.30
0.5 0.0 LH2, C,Cu 8.8 0.64
0.5 0.0 LH2, C,Cu 11.0 0.79

Table 1: Kinematics from the proposal for E12-06-104. The additional kinematics for exploring R = σL/σT
in nuclei are denoted in bold. Note that while E12-06-104 will make measurements of both π+ and π−, the
measurements from C and Cu targets will be for π+ only.

The High Momentum Spectrometer (HMS) will be used to detect the scattered electrons while the Super-
High Momentum Spectrometer (SHMS) will be used to detect the semi-inclusive charged pions. A combi-
nation of the heavy gas Cherenkov detector and lead-glass calorimeter will be used for electron identification
in the HMS, while an HGC and aerogel detector will be used for pion identification in the SHMS. Beam
energies of 6.6, 8.8, and 11 GeV will be used to make measurements at 3 values of the virtual photon polar-
ization parameter, ϵ. The scattered electron momenta and angles will range from 1.27 to 5.67 GeV and 10.5
to 45.41 degrees respectively. Momenta and angles in the SHMS will be from 1.59 to 4.53 GeV and 6.3 to
15.96 degrees. All spectrometer requirements are within their nominal capabilities.

SIDIS rates for π+ production were estimated with the Hall C simulation package ”SIMC”, using a
parametrization of the SIDIS process developed by P. Bosted during analysis of Hall C experiments E12-09-
017 (”Transverse Momentum Dependence of Semi-Inclusive Pion Production”) and E12-09-002 (”Charge
Symmetry Violating Quark Distributions via Precise Measurement of π+/π− Ratios in Semi–inclusive
Deep Inelastic Scattering”). Hadron attenuation effects in the C and Cu targets are included via a fit
to hadron attenuation results from HERMES for Ne (A=10) and Xe (A=54) [2]. The fit is of the form
Rh

A = 1
NDIS

dNπ

dz = N0z
α(1− z)β and is shown in Fig. 5.

The expected SIDIS rates and time requirements for each setting are shown in Table 2. We have matched
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Figure 4: pT vs. ϕ (polar plot) coverage for the x = 0.5, Q2=5 GeV2 setting. Each circle indicates a step in
pT of 0.05 GeV. The pT dependence can be extracted for the region of full ϕ coverage, out to pT=0.2 GeV2.

Figure 5: Fits to hadron attenuation ratios for π+ production from Ne and Xe from [2]. Fits are of the form
Rh

A = N0z
α(1− z)β .

the statistics goals for E12-06-104 for all relevant settings (5,000 events for all settings for the z-scan mea-
surements at x = 0.2 and for the low ϵ setting at x = 0.5, 10,000 events at all other settings). We have
assumed a minimum of 1 hour of run time for each setting, even in cases where the projected run time is
less than 1 hour.
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x Q2 Ebeam ϵ z Target Rate Ibeam Nevents Time
(GeV2) (GeV) (Hz) (µA) (hours)

0.2 2.0 6.6 0.34 0.3 C 1.5 25 5000 1.0
Cu 0.6 25 5000 2.3

0.4 C 1.7 25 5000 1.0
Cu 0.7 25 5000 2.1

0.5 C 1.7 25 5000 1.0
Cu 0.6 25 5000 2.2

0.65 C 3.1 50 5000 1.0
Cu 1.1 50 5000 1.3

0.85 C 1.5 50 10000 1.8
Cu 0.5 50 10000 5.6

0.2 2.0 8.8 0.66 0.3 C 16.4 25 5000 1.0
Cu 6.7 25 5000 1.0

0.4 C 19.8 25 5000 1.0
Cu 7.7 25 5000 1.0

0.5 C 18.8 25 5000 1.0
Cu 7.1 25 5000 1.0

0.65 C 17.5 25 5000 1.0
Cu 6.1 25 5000 1.0

0.85 C 16.7 50 10000 1.0
Cu 5.4 50 10000 1.0

0.2 2.0 11.0 0.80 0.3 C 59.2 25 5000 1.0
Cu 24.0 25 5000 1.0

0.4 C 68.2 25 5000 1.0
Cu 27.1 25 5000 1.0

0.5 C 65.7 25 5000 1.0
Cu 25.2 25 5000 1.0

0.65 C 59.0 25 5000 1.0
Cu 20.9 25 5000 1.0

0.85 C 57.9 50 10000 1.0
Cu 17.6 50 10000 1.0

Subtotal (x = 0.2) 39.1
0.4 4.0 6.6 0.31 0.5 C 0.5 50 10000 5.1

Cu 0.6 50 10000 14.0
0.4 4.0 8.8 0.65 0.5 C 5.8 50 10000 1.0

Cu 2.2 50 10000 1.3
0.4 4.0 6.6 0.79 0.5 C 20.4 50 10000 1.0

Cu 7.8 50 10000 1.0
Subtotal (x = 0.4) 23.4

0.5 5.0 6.6 0.30 0.5 C 0.2 50 10000 12.0
Cu 0.1 50 10000 16.8

0.5 5.0 8.8 0.64 0.5 C 2.5 50 10000 1.1
Cu 0.9 50 10000 2.9

0.5 5.0 6.6 0.79 0.5 C 8.8 50 10000 1.0
Cu 3.4 50 10000 1.0

Subtotal (x = 0.5) 35.0
Total production time 88.1

Table 2: Coincidence rates and times required for each setting for this proposal. Statistical goals and nominal
running currents are matched to those from E12-06-104. We assume a minimum run time of 1 hour at each
setting on each target, even for those settings that would otherwise require less than an hour.
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3.2 Projected Results

Projected results for the measurement of R in semi-inclusive π+ production from C and Cu are shown in
Fig. 6. Projections are generated using the statistics from Tab. 2 and assuming point-to-point systematic
uncertainties of 1.6% at each ϵ setting. As noted in the E12-06-104 proposal, point-to-point uncertainties
of 1.9% were achieved in the 6 GeV era using the SOS+HMS [12]. Since the SHMS is expected to have
superior performance than the SOS (especially with respect to acceptance and magnet saturation effects),
improved systematic uncertainties are expected for L-T separations in Hall C during the 12 GeV era.
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Figure 6: Projected precision for R = σL/σT for semi-inclusive π+ production from C and Cu. The plot on
the left shows the expected precision for measurement of R vs. z at fixed (x,Q2)=(0.2, 2 GeV2). The plot
on the right shows R vs. x for fixed z = 0.5. Curves denote the value of RDIS from a global fit to inclusive
electron scattering.

While we can compare the value of R in nuclei to that from the proton and deuteron from the measure-
ments of RA, RD, and RH , we can also make use of the technique used in SLAC experiment E140 [5] and
that will be used in Hall C experiment E12-14-002 [9], i.e., measurement of the ϵ dependence of the target
ratios. This technique is less sensitive to particular classes of systematic uncertainty (in particular, reaction
kinematics and acceptance). Based on the experience from recent measurements of the EMC effect in Hall
C [13], we expect the point-to-point uncertainty in the target ratios to be on the order of 1%.

The ratio of cross sections between nuclear and hydrogen targets can be expressed,

σA
σH

=
σT
A

σT
H

[1 + ϵ/(RA −RH)], (5)

where ϵ/ = ϵ/(1 + ϵRH). The slope of the line extracted when fitting the target ratios vs. ϵ/ results in the
difference RA − RH . Projections for the precision of the measurement of RA − RH are shown in Fig. 7.
Uncertainties due to knowledge of RH are also included. The plot on the right in Fig. 7 also includes the
inclusive electron scattering measurements of RA −RD from SLAC E140 [5].

4 Summary and Beam Time Request

The total beam time required for these measurements is summarized in Tab. 3. Note that we have not
allocated any time for spectrometer configuration changes or beam energy changes since these will be in
common with the approved E12-06-104. We have added overhead for the extra target changes that will
be required for this experiment. We assume that each target change will take 10 minutes and that 2 target
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Figure 7: Projected precision for RA − RH for semi-inclusive π+ production from C and Cu compared to
hydrogen. RA−RH is extracted by fitting the ϵ/ dependence of the target ratios. Points are plotted assuming
R has no nuclear dependence. The plot on the right includes the measurements of RA−RD from the SLAC
E140 experiment [5] made using inclusive electron scattering (points shifted in x for visibility.

Activity Time (hours)
Production data 97.5
Target changes 7

Total 104.5 (4.4 days)

Table 3: Beam time requested for this experiment.

changes at each of 21 settings will be needed, resulting in a total time of 7 hours. Production data taking
will require 37.2 hours for the 3% RL carbon target and 60.3 hours for the 6% RL copper target, resulting
in a total time of 104.5 hours.

These measurements of the nuclear dependence of R = σL/σT in SIDIS will provide important data
that will supplement the interpretation of hadron attenuation measurements. A non-zero nuclear depen-
dence would indicate novel physics that could range from unexpected effects in the initial state or the pos-
sible presence of ϵ-dependent backgrounds that have some nuclear dependence (for example, diffractive ρ
production).
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