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Why is L/T interesting to measure?

How can Hall C do such a measurement?

Projected accuracy in 10-day run

Elastic electron—proton scattering
L/T separation at high Q2



1/14/2025 slide 3

Projected accuracy L/T at high Q2
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Significant
improvement
is possible

In a 10-day run the relative statistical variation for cross section ~ 0.0014, 
so the variation of the relative value of the second term in cross section 
and dRS is 0.0014/2/0.014, so the accuracy for RS is +/- 0.05

<latexit sha1_base64="fqg7OJ6tmyHr7NNh42misNxXI4s="></latexit>
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Rosenbluth (1950) 
One-photon approximation, aem = 1/137, hadron current 

Electro-Magnetic Form Factors

Hall C collaboration 

SLAC results for the proton Form Factors
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Rosenbluth (1950) 

Akhiezer (1957)
Arnold, Carlson 
and Gross (1981)

Perdrisat+

One-photon approximation, aem = 1/137, hadron current 

At large Q2, the study of GE requires use of  
polarization observables => FFs at JLab

Electro-Magnetic Form Factors

Hall C collaboration 
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Rosenbluth (1950) 

Akhiezer (1957)
Arnold, Carlson 
and Gross (1981)

Guichon &
Vanderhaeghen

One-photon approximation, aem = 1/137, hadron current 

1g+2g expression for M has three complex functions, F1 , F2 , F3 

At large Q2, the study of GE requires use of  
polarization observables => FFs at JLab

Electro-Magnetic Form Factors

Hall C collaboration 

Two-Photon
Exchange
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Electron--proton elastic cross section

In the L/T experiment with detection of the scattered 
electron we need to measure very accurately:

• Beam charge
• Beam energy
• Target thickness
• Spectrometer momentum
• Spectrometer angle
• Spectrometer solid angle
• Detector efficiency



The GMp12 experiment (E12-07-108)

1/14/2025 slide 8

0 5 10 15 20 25 30
0

0.2

0.4

0.6

0.8

1

ε

123 45 6 7

0 10 20 30
2 (GeV/c)2Q

0.8

1

), 
in

 O
PE

D
G pµ

 / 
(

M
G

This work
Global fit
Andivahis (8 GeV)
Andivahis (1.6 GeV)

Walker
Kirk
Sill
Christy
Rock

0 5 10 15
2 (GeV/c)2Q

0

1

2

 in
 O

PE
)

M
 / 

G
E

 G pµ
 (=

 
R

S

This work

Global fit

Global fit, w/o GMP12

Polarization transfer

Phys.Rev.Lett. 128 (2022) 10, 102002

GMp12 fit:

courtesy of A. Gramolin and A. Puckett  
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Proton E/M from cross section
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Proton E/M from cross section
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Landau textbook on electron--hadron

Hall C collaboration 
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Projected accuracy L/T at high Q2

the beam energy uncertainty contribution:

Hall C collaboration 
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How to do accurate L/T at high Q2

Hall C collaboration 

Proton spectrometer controls   t and  d|t|,   beam energy is less important 

What will experimental accuracy will be for realistic De = 0.3 :

In Hall C using SHMS and HMS, 6 GeV/c recoiled proton in W = 10+ msr 

Rate is 12 Hz

Rate is 1.5 Hz
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High accuracy L/T, 1998

Hall C collaboration 
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High accuracy L/T, 1998

Hall C collaboration 



1/14/2025 slide 16

PAC18 report

Hall C collaboration 



Summary

v Accurate measurement of the L/T ratio at high Q2 will significantly 
boost understanding of the basic process.

v Accurate measurement of the L/T ratio at high Q2 is possible using 
a fixed momentum proton spectrometer. 

v HMS and SHMS with 6-7 GeV/c allow us to do this experiment in 
10 days for Q2 = 10 GeV2 to accuracy d(µGE)/GM < 10%

v L/T-10 will provide essential constraints on two-photon exchange 
contribution functions.
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“EMC” in D(e,e’ns) / H(e,e’)
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EMC effect 
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from Hall C 
paper on EMC



Proposal 05-014 for D(e,e’ns)
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K. Slifer,



PAC27 report
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Proposal: PR-05-014  
 
Scientific Rating: N/A 
 
Title: Neutron Tagged Bound Proton Structure to Probe the Origin of the EMC Effect 
 
Spokespersons: Nilanga Liyanage, Bogdan Wojtsekhowski 
 
Motivation: The determination of the ratio  and the d/u quark momentum distributions at 
large x in the proton suffer from uncertainties due to our lack of understanding of the EMC effect in 
the deuteron. Different classes of models lead to very different results at large x making the 
extraction of the neutron structure function from the deuteron ambiguous. The proposed experiment 
aims to probe the EMC effect from a barely bound to a strongly bound proton by means of deep 
inelastic scattering off the proton in the deuteron and by tagging the spectator neutron. This would 
allow discrimination between different models of the EMC effect. 

n p
2 2F /F

 
Measurement and Feasibility: In the proposed experiment the ratio 
σ D(e,e'N)X[ ] x',α sp ,pt ,Q 2( )/σ p(e,e')X[ ] x',Q 2( ) is measured at values of x’ from 0.11 up to 0.6 and 

spectator momentum fraction 1.04 ≤α sp≤.4 where σ D(e,e'N)X[ ] x',α sp ,pt ,Q 2( ) is normalized to the 

inclusive D(e,e’) cross section. An absolute measurement of this ratio is performed at each of the 
proposed α sp  by using the reaction D(e,e’pn) to calibrate the neutron detector efficiency to about 
3%. Furthermore, to improve on the relative uncertainty in the determination of this ratio as a 
function of α sp , it is normalized at each value of x’ by its measured value at x’=0.2 leading to the 
determination of the ratio G=σ D(e,e'N)X[ ] x'1 ,α sp ,pt ,Q1

2( )/σ D(e,e'N)X[ ] x' 2= 0.2,α sp ,pt ,Q2
2( ). The 

experiment makes use of the BigBite spectrometer to detect electrons. The spectator neutrons are 
detected by using the neutron detector of the  experiment (E02-013) for the largest momenta 
and a new specially designed low energy neutron detector. The method takes advantage of the beam 
time structure as used in the G0 experiment in order to reduce the electromagnetic background and 
determine the shape of the neutron background with precision.  

n
EG

 
Issues: While the PAC is in principle very positive about this method, some issues remain to be 
addressed. The sensitivity of this experiment is at the 4σ  level, which is marginal. The rate of 
accidental coincidences in the neutron detectors needs to be investigated by a test measurement, as 
already considered by the proponents, in order to optimize the luminosity of the experiment. A more 
complete estimate of the resulting systematic errors must be performed and must include the effect 
of R =σL /σT , as well as the possible uncertainty resulting from the normalization of the deuteron 
coincidence cross section to the inclusive one when the spectator is far off-shell.   
 
Recommendation: Defer 
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PAC27 report



2004 proposal for D(e,e’ns)
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EIC plan for D(e,e’ns/ps)
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DIS event rate
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~ 0.3



Detector rate vs angle
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Study made by

P. Degtiarenko

10-7 per electron/sr



Detector rates at L = 3 x 1037 
(10 µA x 5 cm LD2)
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• Neutron energy of 5 MeV (p = 100 MeV/c) and angle > 100 deg

• Rate of n ~ 0.3 x10-6 per electron/sr = 20 MHz/sr  for 10 µA  x 5 cm LD2

• Those soft neutrons are from the many-particle final state processes

• DIS rate:  E = 11 GeV beam at 15 deg on the proton target (see also a plot). 

• The DIS rate with SBS = > 0.05 sr x 1x10-32 cm2/sr x 3x1037 cm-2/s = 1.5 x 104 Hz  



Detector rates at L = 3 x 1037 
(10 µA x 5 cm LD2)
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• Neutron energy of 5 MeV (p = 100 MeV/c) and angle > 100 deg

• Rate of n ~ 0.3 x10-6 per electron/sr = 20x106 Hz/sr  for 10 µA  x 5 cm LD2

• Those soft neutrons are from the many-particle final state processes

• DIS rate:  E = 11 GeV beam at 15 deg on the proton target (see also a plot). 

• The DIS rate with SBS = > 0.05 sr x 1x10-32 cm2/sr x 3x1037 cm-2/s = 1.5 x 104 Hz  

• For each e,e’ event there is 1/12 probability of a correct hit in the neutron detector

• For 1 sr neutron detector Signal (e,e’ns) rate is NDIS/4p ~1/12 => 1.2x103 Hz

• In each e,e’ event there will be some extra hits in the neutron detector:

• For 32 ns beam RF the probability is 20 MHz x 0.032 µs = 0.64 => 15 kHz x 0.64 
     = 9.6 kHz background events with a potential neutron in one RF bucket.

 => Signal/Background (accidental) = 1.2 kHz / 9.6 kHz = 1/8
                    

neutron rate                               e,e’ rate



EMC signal size
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The window 10 ns wide for 32 ns RF structure allows us to remove high speed particles

For 1 m from the target => 33 ns (for 5 MeV) => +/-50% energy window (3 to 8 MeV)

The Signal (DIS + neutron ) statistics in 20 days ~ 2.1 x 108 +/- 1.4 x 104 

Need to measure accidental Background with high accuracy

and in 100 RF buckets = windows will collect the accidental Background
mostly originating from the reaction D(gq-real, n)X

Hit rate in the neutron detector (in such a wide window and detector of 10% efficiency) is 
100 x 0.64 = 6.4 per e,e’ event. It will have a total statistics of 1.7 x 1011 with +/- 4 x 105

Only 1/100 of these events will be in the correct RF bucket, so background will be
1.7 x 109 +/- 4 x 103 inside the bucket with the Signal 



EMC signal size
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The window 10 ns wide for 32 ns RF structure allows us to remove high speed particles

For 1 m from the target => 33 ns (for 5 MeV) => +/-50% energy window (3 to 8 MeV)

The Signal (DIS + neutron ) statistics in 20 days ~ 2.1 x 108 +/- 1.4 x 104 

Need to measure accidental Background with high accuracy

and in 100 RF buckets = windows will collect the accidental Background
mostly originating from the reaction D(gq-real, n)X

Hit rate in the neutron detector (in such a wide window and detector of 10% efficiency) is 
100 x 0.64 = 6.4 per e,e’ event. It will have a total statistics of 1.7 x 1011 with +/- 4 x 105

Only 1/100 of these events will be in the correct RF bucket, so background will be
1.7 x 109 +/- 4 x 103 inside the bucket with the Signal 

The Signal statistics is 2x108  +/- 1.5x104. 

The 1% size EMC effect (it corresponds to 2 x 106 events) will be well visible 

  2 x 106 / 1.5 x 104 ~ 130 / 1 



Summary

v We propose to investigate the EMC effect in a deuteron: 
a ratio of the DIS on a free proton and DIS on 
a barely bound slow proton in the deuteron.

v This is a natural part of the SBS program at Hall C.

v The understanding of EMC will be advanced 
in a 20-day run.
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