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Theory Overview
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§ In	the	One-Photon	Exchange	(Born)	approximation:

§ Rosenbluth technique:	Separates	the	cross	section	

into	𝐺@A and	𝐺CA:

§ Two	or	more	measurements,	same	Q2,	

different	E	and	𝜃(different	𝜖)
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§ Rosenbluth technique	(LT):

ü Need to make a clean separation of the form factors.

ü radiative	corrections were believed to be well understood	(OPE)

ü Large uncertainties

ü Used to extract proton form factors

ü Difficult for the neutron (no free neutron targets, the value of 𝐺CN is	small)!

§ Polarization	transfer	technique	(PT):

ü measure	the	polarization	of	the	recoiling	hadrons

ü radiative	corrections	have very small effect

For many years, the proton form factors were extracted using both	methods

The results should be the same (⇐	a	naive	guess!)

Rosenbluth vs. Polarization Transfer 
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§ At	Q2 of	4	-5	(GeV/c)2,	the	Rosenbluth slope	is	3-4	times	larger	than	expected	in	

OPE.

§ The	results	of	the	two	methods	do	not	agree	⇒	Hint	of	a	missing	correction!	

Fit to polarization data

Fit to Rosenbluth slope

Rosenbluth vs. Polarization Transfer 

E. Christy et al., “Two-photon 
exchange in electron-proton elastic 
scattering at large four-momentum 
transfer”, (2020), in preparation for 
publication in PRL



Two-Photon Exchange Correction (Proton)
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§ The	Two-Photon	Exchange	(TPE)	correction	can	explain	the	

discrepancy	between	the	Rosenbluth (LT)	and	the	Polarization	

transfer	(PT)	measurements.	

§ Several attempts	to measure the TPE for proton.

§ TPE has a bigger impact on	𝐺Cthan	𝐺@ (small	𝜖-dependant TPE	

correction	can	yield	large	correction	to	𝐺C)

￮ Polarization Transfer measurements 
◇ Rosenbluth measurements 
● Corrected Rosenbluth measurement
￭ Corrected Rosenbluth measurement

Blunden, Melnitchouk and Tjon
[Phys. Rev. C72, 034612 (2005)] 

(What about neutron?)



Two-Photon Exchange Correction (Neutron)
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§ The	Two-Photon	Exchange	(TPE)	correction	was never	studied	for	the	neutron.

§ Blunden,	Melnitchouk and	Tjon [Phys. Rev. C72,	034612	(2005)]	gave a prediction of

the impact of	the	TPE	correction	on	𝐺CN/𝐺@N using	the	LT	(Rosenbluth)	method.	



The nTPE Experiment

7/17/20 9



7/17/20

> 70 collaborators!
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Collaborators
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Scientific Significance

Goals:

◼ Extract	𝐺CN by	applying	the	Rosenbluth technique	(for	the	first	time!!)

◼ Study	the	two-photon	exchange	contribution	on	elastic	e-n	scattering	(also,	for	the	

first	time!!)

Current	Status:

◼ Proposed	for	PAC	48

◼ Should run concurrently with two	approved	experiments	(E12-09-019	and	E12-17-

004)



§ GE is	extracted	from	the	ratio of	quasi-elastic	yields	⇒ reduced	uncertainties

(Technique introduced by Bogdan Wojtsekhowski:	arXiv:1706.02747)

§ The	corrected	ratio	𝑅TUVV = 𝑓TUVV×𝑅WXYZV[Z\ can	be	written	as:

§ Making	the	measurements	for	two	epsilon	points	(𝜖M , 𝜖A):

§ Taking the ratio of the two measurements:
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Technique

𝑆,
-(/) = 2𝜎4

-(/) 𝜎5
-(/) 𝐵 = ⁄𝑅$9::,<! 𝑅$9::,<"×(1 + 𝜖%𝑆,

/)/(1 + 𝜖@𝑆,
/) measured!
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Proposed Measurements

An	existing	measurement	of	
the	approved	E12-09-019	

nTPE proposed	
measurement	

More	data	points	could	be	obtained	if	PAC	allocate	a	full	week!
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Experimental Setup

◼ Hall:	A

◼ Target:	15	cm	LD2	target.	

◼ Spectrometers:	BigBite (electrons)	and	Super-BigBite (hadrons)
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Experimental Setup
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Expected Results

Considering	the	predictions	of	Blunden,	Melnitchouk and	Tjon [Phys.	Rev.	C72,	

034612	(2005)] ,	our	measurement of the nTPE could	be	0.069 ± 0.012 𝑠𝑦𝑠 ±

0.01 (𝑠𝑡𝑎𝑡)
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Systematics
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Conclusions

◼ The nTPE experiment will provide the first measurement of the TPE 

in the e-n elastic scattering.

◼ The nTPE experiment will allow measure the 𝐺CN using Rosenbluth

technique for the first time! 

◼ The kinematics of the nTPE measurements emphasize the same Q2

range where the TPE in e-p elastic scattering was observed to dominate 

in Rosenbluth slope.

◼ The knowledge of the TPE is essential to shape our understanding of

the elastic electron nucleon scattering and hadron structure. 



Thanks!
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Backup Slides
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Counting Rates



7/17/20 22

Experimental Setup


