
H(e,e’p) Elastics Check!
Beam Time: 1 hr 

**SPECTROMETER 
SETTING**  

SHMS (electron Arm): 
Angle: 12.169 deg 

Momentum: 8.7 GeV/c 

HMS (proton Arm): 
Angle: 37.338 deg 

Momentum: 2.93814 GeV/c 

Q2 = 4.02714 GeV2 
|q| = 2.938 GeV 

omega (w) = 2.14604 GeV  
x = 1.0 

Scat. e- Momentum: 8.453 GeV/c
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SHMS Momentum Resolution

Angle Resolution: 
0.7825 mrad  

(~0.045 degrees)

Momentum Resolution: 
~ 16.35 MeV
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HMS Momentum Resolution
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HMS Angle Resolution

Angle Resolution: 
1.433 mrad  

(~0.082 degrees)

Momentum Resolution: 
~ 6.585 MeV
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Integral  1.847e+05Integral  1.847e+05 pM

NO CUT 
Em CUT Beam Current: 40 uA 

Beam Time: 1 hr 

Yield: 
NO CUT: 239,900 events 
Em CUT: 184,700 events 

Rate:  
NO CUT:  66.638 Hz 
Em CUT:  51.30 Hz

Expected  
DAQ 
Rate

Expected Charge: 144,000 uC



FOCAL PLANE / 
RECONSTRUCTED 

VARIABLES  

(SIMC)
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D(e,e’p)n: Pmiss = 80 MeV (small or NO FSI)
Beam Time: 1 hr 

**SPECTROMETER 
SETTING**  

SHMS (electron Arm): 
Angle: 12.169 deg 

Momentum: 8.7 GeV/c 

HMS (proton Arm): 
Angle: 38.896 deg 

Momentum: 2.93223 GeV/c 

Q2 = 4.02714 GeV2 
|q| = 2.938 GeV 

omega (w) = 2.14604 GeV  
x = 1.0 

Scat. e- Momentum: 8.453 GeV/c  
theta_nq = 84.98 deg



Spectrometer Resolutions
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 = 6.35 MeV/cσHMS: 

 = 19.28 MeV/cσSHMS: 

HMS/SHMS Momentum Resolution

res_pmiss
Entries  100000
Mean  0.001411− 
Std Dev    0.02231

 / ndf 2χ  130.4 / 9
Constant  47.5±  9592 
Mean      0.0000639±0.0002557 − 
Sigma     0.00008± 0.01427 

0.2− 0.15− 0.1− 0.05− 0 0.05 0.1 0.15 0.2
m, recon. - Pm,thrownP

0

2000

4000

6000

8000

10000
res_pmiss

Entries  100000
Mean  0.001411− 
Std Dev    0.02231

 / ndf 2χ  130.4 / 9
Constant  47.5±  9592 
Mean      0.0000639±0.0002557 − 
Sigma     0.00008± 0.01427 

Missing Momentum Resolution

 = 14.27 MeV/cσResolution, 
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Integral  2.119e+05
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Pm = 80 MeV /c

NO CUTS

Yield: 
                 FSI 200,000 evts 

                     PWIA 211,900 evts

Rate: 
          FSI 55.5 Hz 

              PWIA 58.8 Hz

Beam Current: 40 uA 
Beam Time: 1 hr

Expected Charge: 144,000 uC



Entries  100000
Integral   2e+05

0.1− 0 0.1 0.2 0.3 0.4 0.5
 (GeV/c)missP

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

C
ou

nt
s 

/ 2
5 

M
eV

Entries  100000
Integral   2e+05

missing momentum

Entries  79855
Integral  1.646e+05
Entries  79855
Integral  1.646e+05

Model: FSI
Pm = 80 MeV /c

CUT: -60 < Em < 80 MeV

Yield: 
NO_CUT:  200,000 evts 
CUT:          164,600 evts

Rate: 
            NO_CUT: 55.5 Hz  
            CUT:         45.7 Hz 

              

Expected 
DAQ rate



KINEMATICS 
COMPARISONS 

(SIMC)

NOTE** There was NO need to 
Apply kinematics cuts, as FSI are 

Negligible at high Q2 and low missing 
momentum.  

FSI ~ PWIA, at low missing 
momentum and high Q2
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FOCAL PLANE / 
RECONSTRUCTED 

VARIABLES  
(SIMC)
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D(e,e’p)n: Pmiss = 580 MeV

SHMS (electron Arm): 
Angle: 12.169 deg 

Momentum: -8.7 GeV/c 

HMS (proton Arm): 
Angle: 54.9613 deg 

Momentum: 2.2622 GeV/c 

Q2 = 4.25 GeV2 
|q| = 2.6579 GeV 

omega (w) = 1.677 GeV  
x = 1.35 

theta_nq = 42.22 deg

D(e,e’p)n: Pmiss = 750 MeV

SHMS (electron Arm): 
Angle: 12.169 deg 

Momentum: -8.7 GeV/c 

HMS (proton Arm): 
Angle: 58.404 deg 

Momentum: 2.1557 GeV/c 

Q2 = 4.25 GeV2 
|q| = 2.6579 GeV 

omega (w) = 1.677 GeV  
x = 1.35 

theta_nq = 41.6318 deg

Beam Time: 20 hrs 

Beam Time: 42 hrs 



res_hdelta
Entries  1000000
Mean   0.08098
Std Dev    0.2442

 / ndf 2χ  943.7 / 21
Constant  9.684e+01± 7.361e+04 
Mean      0.00023± 0.07441 
Sigma     0.0002± 0.2125 
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Entries  1000000
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 / ndf 2χ  943.7 / 21
Constant  9.684e+01± 7.361e+04 
Mean      0.00023± 0.07441 
Sigma     0.0002± 0.2125 

δ - iδHMS 

res_hdelta
Entries  1000000
Mean   0.08599
Std Dev    0.2534

 / ndf 2χ   1204 / 21
Constant  9.536e+01± 7.194e+04 
Mean      0.00024± 0.07833 
Sigma     0.0002± 0.2164 

res_hdelta
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Std Dev    0.2534

 / ndf 2χ   1204 / 21
Constant  9.536e+01± 7.194e+04 
Mean      0.00024± 0.07833 
Sigma     0.0002± 0.2164 

 = 580 MeV/cmP
 = 750 MeV/cmP

res_edelta
Entries  1000000
Mean   0.01669
Std Dev    0.2177
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Constant  9.708e+01± 7.663e+04 
Mean      0.00022± 0.00977 
Sigma     0.0002± 0.2048 

δ - iδSHMS 

res_edelta
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Mean   0.01456
Std Dev    0.2123

 / ndf 2χ   5616 / 25
Constant  9.871e+01± 7.751e+04 
Mean      0.00022± 0.01047 
Sigma     0.0002± 0.2035 

res_edelta
Entries  1000000
Mean   0.01456
Std Dev    0.2123

 / ndf 2χ   5616 / 25
Constant  9.871e+01± 7.751e+04 
Mean      0.00022± 0.01047 
Sigma     0.0002± 0.2035 

 = 580 MeV/cmP
 = 750 MeV/cmP

Resolution: ~0.2 %

Resolution: ~0.2 %

HMS Delta Resolution

SHMS Delta Resolution

NO  
Radiative Effects

NO  
Radiative Effects



Spectrometer Momentum Resolution
res_hP

Entries  1000000
Mean   0.001836
Std Dev    0.005552

 / ndf 2χ   1307 / 24
Constant  1.032e+02± 8.106e+04 
Mean      0.000005± 0.001702 
Sigma     0.000004± 0.004832 
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 / ndf 2χ   1307 / 24
Constant  1.032e+02± 8.106e+04 
Mean      0.000005± 0.001702 
Sigma     0.000004± 0.004832 

HMS Momentum Resolution

res_hP
Entries  1000000
Mean   0.001858
Std Dev    0.005493

 / ndf 2χ   1599 / 23
Constant  1.063e+02± 8.299e+04 
Mean      0.000005± 0.001693 
Sigma     0.000004± 0.004702 
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 / ndf 2χ   1599 / 23
Constant  1.063e+02± 8.299e+04 
Mean      0.000005± 0.001693 
Sigma     0.000004± 0.004702 

res_ekf
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Constant  3.022e+01± 2.167e+04 
Mean      0.0000228± 0.0007415 
Sigma     0.0000± 0.0184 
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Mean      0.0000228± 0.0007415 
Sigma     0.0000± 0.0184 

SHMS Momentum Resolution

res_ekf
Entries  1000000
Mean   0.001221
Std Dev    0.01832

 / ndf 2χ   4379 / 63
Constant  3.066e+01± 2.195e+04 
Mean      0.0000227± 0.0009016 
Sigma     0.00002± 0.01825 

res_ekf
Entries  1000000
Mean   0.001221
Std Dev    0.01832

 / ndf 2χ   4379 / 63
Constant  3.066e+01± 2.195e+04 
Mean      0.0000227± 0.0009016 
Sigma     0.00002± 0.01825 

Resolution: 
 ~4.8 MeV/c

Pm = 580 MeV/c 
Pm = 750 MeV/c

Pm = 580 MeV/c 
Pm = 750 MeV/c

Resolution:  
~18.4 MeV/c

NO  
Radiative Effects

NO  
Radiative Effects



Missing Momentum/Energy Resolution 

res_Emiss
Entries  1000000
Mean  0.001439− 
Std Dev    0.009369

 / ndf 2χ   1017 / 11
Constant  2.22e+02± 1.77e+05 
Mean      0.000009±0.001359 − 
Sigma     0.000007± 0.008981 
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Missing Energy Resolution
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Missing Momentum Resolution

res_pmiss
Entries  1000000
Mean  0.002154− 
Std Dev    0.02135

 / ndf 2χ   3783 / 17
Constant  1.124e+02± 8.107e+04 
Mean      0.00002±0.00158 − 
Sigma     0.00002± 0.01909 
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 / ndf 2χ   3783 / 17
Constant  1.124e+02± 8.107e+04 
Mean      0.00002±0.00158 − 
Sigma     0.00002± 0.01909 

Pm = 580 MeV/c 
Pm = 750 MeV/c

Pm = 580 MeV/c 
Pm = 750 MeV/c

Resolution: 
 ~19 MeV/c

Resolution: 
 ~10 MeV

NO  
Radiative Effects

NO  
Radiative Effects



Missing Momentum Setting 
Pm = 580 MeV 

SIMC 
ANALYSIS



Integral    8131

0.1− 0 0.1 0.2 0.3 0.4 0.5
Missing Energy (GeV)

0

500

1000

1500

2000

2500

C
ou

nt
s 

/ 2
0 

M
eV

Integral    8131

missing energy

Integral    5410Integral    5410
-40 MeV              80 MeV

 = 580 MeV/cmissP

cut_Emiss
Entries  827762
Mean   0.0117
Std Dev    0.02002

0.08− 0.06− 0.04− 0.02− 0 0.02 0.04 0.06 0.08 0.1 0.12
Missing Energy (GeV)

0

500

1000

1500

2000

2500

C
ou

nt
s 

/ 2
0 

M
eV

cut_Emiss
Entries  827762
Mean   0.0117
Std Dev    0.02002

missing energy
cut_Emiss

Entries  827762
Mean   0.01151
Std Dev    0.02024

cut_Emiss
Entries  827762
Mean   0.01151
Std Dev    0.02024

Cut on  
Missing Energy

Deuteron 
B.E. = 2.2 MeV

FSI 
PWIA



Integral    8133
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Integral    8133

missing momentum

Integral    5413Integral    5413

Pm = 580 MeV/c 
Beam Current: 40 uA 
Beam Time: 20 hrs

FSI 
PWIA

Yield:  8133 evts 
Yield:  5413 evts

Estimated Rates: 
FSI: ~ 406 evts / hr  
PWIA: ~ 270 evts / hr 

                                  Expected DAQ Rate:  
406 evts / 3600 sec = 0.112 Hz 

NO CUTS
Expected Charge / hr: 144,000 uC



Integral    5543
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Integral    3801Integral    3801
FSI 

PWIA

Pm = 580 MeV/c 
Beam Current: 40 uA 
Beam Time: 20 hrs

Yield:  5543 evts 
Yield:  3801 evts

Estimated Rates: 
FSI: ~  277 evts / hr  
PWIA: ~  190 evts / hr 

                                  

 CUT: 
-40 < Em < 80 MeV



Pm = 580 MeV/c 

KINEMATICS  
COMPARISONS 

(SIMC)
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Missing Momentum = 580 MeV/c 
CUT:  -40 < Em < 80 MeV

Small FSI

Small FSI

Small FSI

Small FSI



Pm = 580 MeV/c 

FOCAL PLANE / 
RECONSTRUCTED 

Variables 
(SIMC)
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Apply Kinematic CUTS based on kinematic 
regions where FSI~PWIA (see Slide 23) 

  

Applied CUTS in Next Slides: 
-40 < Em < 80 MeV 
4.0 < Q2 < 5.0 GeV2 

1.3 < xBj < 1.7
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 = 580 MeV/cmP
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 CUTS: 
-40 < Em < 80 MeV 
4.0 < Q2 < 5.0 GeV2 

1.3 < xBj < 1.7

Yield:  608 evts 
Yield:  696 evts

Beam Current: 40 uA 
Beam Time: 20 hrs

Estimated Rates: 
FSI: ~   30 evts / hr  
PWIA: ~  34.8 evts / hr 

                                  

Expected # of 
Good Neutrons 

(FSI ~ small)



2 2.5 3 3.5 4 4.5 5 5.5
)2 (GeV2Q

0

10

20

30

40

50

60

70

80

2
C

ou
nt

s 
/ 0

.0
5 

G
eV

Q2

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

0

20

40

60

80

C
ou
nt
s

x-Bjorken

0 10 20 30 40 50 60 70 80
 (deg)nqθNeutron Scattering Angle, 

0

10

20

30

40

50

C
ou

nt
s 

nqθNeutron Angle, 

0 0.5 1 1.5 2 2.5 3 3.5 4
 (GeV)ωEnergy Transfer, 

0

20

40

60

80

100

120

140

160

C
ou

nt
s 

/ 0
.0

61
5 

G
eV

ωEnergy Transfer, 

PWIA  
FSI

PWIA  
FSI

PWIA  
FSI

PWIA  
FSI



40− 30− 20− 10− 0 10 20 30 40
 (cm)fpHMS Y

60−

40−

20−

0

20

40

60

 (c
m

)
fp

H
M

S 
X

2−10

1−10

1

fp vs YfpX

20− 15− 10− 5− 0 5 10 15 20 25 30
 (cm)fpSHMS Y

40−

30−

20−

10−

0

10

20

 (c
m

)
fp

SH
M

S 
X

1−10

1

10

fp vs YfpX

40− 30− 20− 10− 0 10 20 30 40
 (cm)fpHMS Y

60−

40−

20−

0

20

40

60

 (c
m

)
fp

H
M

S 
X

Entries  1000000
Integral    8133

1−10

1

10

Entries  1000000
Integral    8133

fp vs YfpX

20− 15− 10− 5− 0 5 10 15 20 25 30
 (cm)fpSHMS Y

40−

30−

20−

10−

0

10

20

 (c
m

)
fp

SH
M

S 
X

1

10

210

fp vs YfpX

NO CUTS

NO CUTS

 CUTS: 
-40 < Em < 80 MeV 
4.0 < Q2 < 5.0 GeV2 

1.3 < xBj < 1.7

 CUTS: 
-40 < Em < 80 MeV 
4.0 < Q2 < 5.0 GeV2 

1.3 < xBj < 1.7
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Missing Momentum Setting 
Pm = 750 MeV 

SIMC 
ANALYSIS
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Pm = 750 MeV/c 
Beam Current: 40 uA 
Beam Time: 42 hrs

Yield:  6504 evts 
Yield:  4144 evts

Estimated Rates: 
FSI: ~  154.8 evts / hr  
PWIA: ~  98.6 evts / hr 

                                  Expected DAQ Rate:  
154.8 evts / 3600 sec = 0.043 Hz 

Expected Charge / hr: 144,000 uC
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 CUT: 
-40 < Em < 80 MeV Pm = 750 MeV/c 

Beam Current: 40 uA 
Beam Time: 42 hrs

Yield:  4166 evts 
Yield:  2839 evts

Estimated Rates: 
FSI: ~   99.1 evts / hr  
PWIA: ~  67.5 evts / hr 

                                  



Pm = 750 MeV/c 

KINEMATICS  
COMPARISONS 

(SIMC)



Missing Momentum = 580 MeV/c 
CUT:  -40 < Em < 80 MeV
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Pm = 750 MeV/c 

FOCAL PLANE / 
RECONSTRUCTED 

Variables 
(SIMC)
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Apply Kinematic CUTS based on kinematic 
regions where FSI~PWIA (see Slide 38) 

  

Applied CUTS in Next Slides: 
-40 < Em < 80 MeV 
4.0 < Q2 < 5.0 GeV2 

1.3 < xBj < 1.7
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 CUTS: 
-40 < Em < 80 MeV 
4.0 < Q2 < 5.0 GeV2 

1.3 < xBj < 1.7

Beam Current: 40 uA 
Beam Time: 42 hrs

Yield:  429 evts 
Yield:  489.5 evts

Estimated Rates: 
FSI: ~    10.2 evts / hr  
PWIA: ~ 11.6  evts / hr 

                                  

PWIA  
FSI

Pm = 750 MeV/c

Expected # of 
Good Neutrons 

(FSI ~ small)
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 CUTS: 
-40 < Em < 80 MeV 
4.0 < Q2 < 5.0 GeV2 

1.3 < xBj < 1.7


