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Physics motivation (1)

Form Factors:
Fourier transform of nucleon charge density ; Measured with elastic eN scattering
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Nucleon: 2 form factors:
G, G, (Sachs);

F., F9, (Dirac, Pauli);

In one-photon exchange approximation
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Physics motivation (2)

- Two-Photon Exchange (TPE) has an important effect on elastic ep scattering
(GP with double polarization vs Rosenbluth)

- Never measured on neutron!
=> Measurement of TPE on elastic en scattering at Q> = 4.5 GeV? with G, " setup
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Technique (1)

Measurement of TPE on elastic en scattering at Q* = 4.5 GeV* with G, " setup
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=> |§7~0.107=0.010| at Q> = 4.5 GeV? E-2-5
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elastic scattering at large four-momentum transfer” 05
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Technique (2)
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and using prediction of Blunden, Melnitchouk, Tjon => nTPE = 0.069 * 0.012(syst)
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Experimental setup

* Same setup as G,," (BigBite+SBS/HCal)
* 2 € settings at Q2= 4.5 GeV?:

Point Qz E E’ OpB Osps €
(GeV/c)?| (GeV) | (GeV) | degrees | degrees
1 4.5 4.4 2.0 41.88 24.67 | 0.599
2 4.5 6.6 4.2 23.23 31.2 0.838 |
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HCal @ 31.2 deg,85m

=> already existing GMn setting



Expected rates : background/trigger

n-TPE, €= 0.838

30pA, 15cm LD,

n-TPE, €= 0.838

5 __________________________________________ BB Ecal Trig rates, Thr = 2.99 GeV 10° Hcal rates, Thr = 0.09 GeV
I 3 5 Signal (QE), 4.39e+02 (+ 1.19e+00) Hz 108_ Signal (QE), 3.32e+02 (= 1.06e+00) Hz
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o HCal threshold:
BigBite threshold: setup to select
elastic peak —2.5 ¢ |Point (¢) 1 (0.599) 2 (0.838) 90 % of elastic

BigBite | HCal | BigBite | HCal peak
rates (Hz)| rates (Hz) |rates (Hz)| rates (Hz)
Consistent with Total 1.37x10% | 1.22x107 {8.17 x103| 1.11x107
calculations by
P. Datta for G (min. bias - HCal only) / 3.39x10° / 3.32x10°
Coincidence rate 5.01x10° 2.72x10?
iy 14,200 | (it min. bias HCal) | T E0RI00T ST :

Assuming minimum bias is correct : trigger rates <2 KHz



Expected rates: Quasi Elastic

n-TPE, €= 0.838, proton

12|W?<1.09 GeV?

— QE scattering
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+ Inelastic contamination
30pA, 15cm LD,

n-TPE, € = 0.838, neutron

W*<1.10 GeV*

—+ QE scattering

—— inelastic contamination: 4.11e-02
—+QE, p  cut+ BB, HCal thres.: 45 Hz

—|— melasﬁc contamlnatlon 5 80e- 03

LT

2 25 —%.5 0 0.5 5 1 o 1.5 2 25
W2 (GeV?)
Statistics assuming 12 hours of data Inelastic contamination <1%
Point (e) NoE Nog
(e-n) | (e-p)
1 (0.599)]9.07x10°|2.55x10°
2 (0.838)]1.94x10%(5.83x10°




* Using similar en/ep ratio technique as GMn to obtain neutron form factors:

Systematics

many sources of systematics uncertainties cancel out;

* main source of systematic uncertainties comes from S?, W,
Kinematic (e) (1) 0.599((2) 0.838
Acceptance losses 05% | 3.0%
Inelastic contamination 09 % | 0.6 %
Nucleon mis-identification* 0.6 %
Syst. error on R = feorr X Neein/Neerp| 1.3 % 3.1 %
(Quadratic sum of the errors above)
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(GL/Gy)

Syst. error on p cross section (St = o /ol.)| £ 0.01

Syst. error on n form factor (u,G”/G" )

* 0.05

Syst. error on Rosenbluth slope (TPE)

+0.012
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Expected results

Considering predictions of Blunden, Melnitchouk, and Tjon, [Phys. Rev. C72, 034612 (2005)]
Our measurement of NnTPE will be 0.069 * 0.012(syst) = 0.010 (stat)

[P. G. Blunden, W. Melnitchouk, and J. A. Tjon,
Phys. Rev. C72, 034612 (2005),
arXiv:nucl-th/0506039 [nucl-th] ]
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Beam time request

Task Target Teap time requested
Data taking (Prod.)| 15 ¢m LDs 30 pA 12 hours
Data taking (Syst.) |15 cm “Dummy”| 30 puA 4 hours
Data taking (Prod.)| 15 cm LDo 15 pA 12 hours
Data taking (Syst.) |15 cm “Dummy”| 15 uA 4 hours
Setting changes (BigBite move, beam pass change) 8 hours
Beam tune after beam pass change 8 hours
Total 48 hours
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hedule

Ing sc
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1oNn 1IN ex

Insert
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Step # task Q? Opp / 0sps|Beam Time Tech work
(GeV/c)?| degrees | GeV hours time (h)
4b (install GEn-RP) GEn-RP 41.9 / 24.7| - 4 4
4c (GEn-RP) Production 4.5 41.9 / 24.7| 4.4 | 104 (calendar)
(52 PAC hours)
4d (remove GEn-RP) GEn-RP 419 /247 - 56 24
4de (GMn/nTPE low €)| Production 4.5 41.9 / 24.7| 4.4 64 (calendar)
(32 PAC hours)
ba (conf. change) BB/SBS/HCal 32,5 /311 - 32 16
5b (beam tune) beam 32.5 /311 4.4 4
5¢ (GMn) Production 3.5 325 /31.1| 44 | 64 (calender)
(32 PAC hours)
6a (pass change) beam/BB 232 /31.1| 6.6 8 4
6b (beam tune) beam 23.2 /31.1| 6.6 8
6c see Table. X Production 4.5 23.2 /31.1| 6.6 | 64 (calendar)
(32 PAC hours)
7a (conf. change) BB/SBS/HCal 58.4 / 17.5 32 16
+ (pass change) beam 584 /17.5| 4.4 |during SBS move
7b (beam tune) beam - 584 /175 | 4.4 4
Tc Production 5.7 584 /17.5| 4.4 | 50 (calendar)

(25 PAC hours)
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Summary

* No existing data on two-photon exchange contribution on elastic e-n
=> Unique measurement;

* Uses existing G," setup with no additional subsystem

* Can be inserted in the schedule without SBS move
=> reasonable time addition to the schedule
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Backup
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Expected rates: Quasi Elastic
+ Iinelastic contamination

n-TPE, €= 0.838, proton

—+ QE scattering

35| inelastic contamination: 0.08

H l
R ’l |

£ I |

T

||U||

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
p ?&e\?)

lmiss

July 14, 2020

p 1 miss:\/(qx_p'x)2+(qy_p'y)2

n-TPE, € = 0.838, neutron
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