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SBS Optics

New formalism for momentum 
reconstruction: Expand the product 
!"#$%&. For non-focusing dipole 
spectrometer like SBS, with 
approximately uniform field integral, 
this quantity is almost constant within 
the acceptance. Trajectory bend angle 
"#$%& is easily reconstructed, then ! =
()*+,-
)*+,-

. This expansion converges very 

rapidly: a 4th-order fit gives accuracy 
well below intrinsic resolution over 
entire phase space.
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SBS Optics: Angle, vertex, momentum resolution
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SBS Optics: Correlation between “recon” and “true” 
quantities
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SBS forward optics expansion 

• Forward optics also needed to translate electron arm reconstructed 
track into a search region for elastically scattered protons in the SBS 
FT



SBS Forward Optics: resolution of “fp” coordinates and 
angles

hxfpdiff
Entries  29547

Mean  06-8.475e- 

Std Dev    0.002092

 / ndf 2c  31.94 / 22

Constant  9.8±  1003 

Mean     05- 2.515e±05 - 5.344e

Sigma     0.000046± 0.001959 

0.020- 0.015- 0.010- 0.005- 0.000 0.005 0.010 0.015 0.020
m

0

200

400

600

800

1000

hxfpdiff
Entries  29547

Mean  06-8.475e- 

Std Dev    0.002092

 / ndf 2c  31.94 / 22

Constant  9.8±  1003 

Mean     05- 2.515e±05 - 5.344e

Sigma     0.000046± 0.001959 

hyfpdiff
Entries  29547
Mean  06-7.819e- 

Std Dev    0.001732
 / ndf 2c  54.04 / 22

Constant  13.5±  1595 
Mean     06- 8.025e±06 -6.229e- 
Sigma     0.000008± 0.001072 

0.020- 0.015- 0.010- 0.005- 0.000 0.005 0.010 0.015 0.020
m

0

200

400

600

800

1000

1200

1400

1600
hyfpdiff

Entries  29547
Mean  06-7.819e- 

Std Dev    0.001732
 / ndf 2c  54.04 / 22

Constant  13.5±  1595 
Mean     06- 8.025e±06 -6.229e- 
Sigma     0.000008± 0.001072 

hxpfpdiff
Entries  29547

Mean  07-4.636e- 

Std Dev    0.0009615

 / ndf 2c  42.77 / 22

Constant  12.7±  1458 

Mean     06- 4.666e±05 - 3.361e

Sigma     0.0000053± 0.0005817 

0.010- 0.008- 0.006- 0.004- 0.002- 0.000 0.002 0.004 0.006 0.008 0.010
rad

0

200

400

600

800

1000

1200

1400

hxpfpdiff
Entries  29547

Mean  07-4.636e- 

Std Dev    0.0009615

 / ndf 2c  42.77 / 22

Constant  12.7±  1458 

Mean     06- 4.666e±05 - 3.361e

Sigma     0.0000053± 0.0005817 

hypfpdiff
Entries  29547

Mean  06- 1.002e

Std Dev    0.0008868

 / ndf 2c  56.65 / 22

Constant  14.2±  1690 

Mean     06- 3.58e±05 -1.68e- 

Sigma     0.0000036± 0.0005004 

0.010- 0.008- 0.006- 0.004- 0.002- 0.000 0.002 0.004 0.006 0.008 0.010
rad

0

200

400

600

800

1000

1200

1400

1600

1800 hypfpdiff
Entries  29547

Mean  06- 1.002e

Std Dev    0.0008868

 / ndf 2c  56.65 / 22

Constant  14.2±  1690 

Mean     06- 3.58e±05 -1.68e- 

Sigma     0.0000036± 0.0005004 



SBS Forward Optics: Recon. Vs. True
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SBS Optics—”physics angles”, proton angle-
momentum correlation, etc.
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Electron Arm Reconstruction—ECAL Clustering
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Note: pure elastic ep 
events, no 
background!

Curiously, the “missing” energy fraction is about 15% on 
average. Where is it going? Resolution still about 6%



ECAL—Shower coordinate reconstruction
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ECAL final shower coordinate resolution
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CDET Reconstruction
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• Search for CDET hits within Δ" ≤
3%&'()* of ECAL shower cluster

• Compute y coordinate at each CDET 
plane from energy deposition-weighted 
average strip y position



Projecting expected elastically scattered proton track to 
SBS FT—with and without vertex information
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FT track projections vs. true vertex z position
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Electron angles reconstructed from ECAL/CDET assuming !" = 0



ECAL shower coordinates—measured vs SBS predicted
hdeltax_pth

Entries  190544

Mean  0.0303- 

Std Dev     1.661

30- 20- 10- 0 10 20 300

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

22000

hdeltax_pth

Entries  190544

Mean  0.0303- 

Std Dev     1.661

hdeltay_pth

Entries  190544

Mean   0.03169

Std Dev     1.237

30- 20- 10- 0 10 20 300

5000

10000

15000

20000

25000

30000

hdeltay_pth

Entries  190544

Mean   0.03169

Std Dev     1.237

30- 20- 10- 0 10 20 3030-

20-

10-

0

10

20

30 hdxdy_pth
Entries  190544

Mean x 0.03167- 

Mean y  0.03299

Std Dev x   1.609

Std Dev y   1.174

0

500

1000

1500

2000

2500

3000

3500

hdxdy_pth
Entries  190544

Mean x 0.03167- 

Mean y  0.03299

Std Dev x   1.609

Std Dev y   1.174

hdeltax_pp

Entries  190544

Mean  0.1246- 

Std Dev     3.375

30- 20- 10- 0 10 20 300

1000

2000

3000

4000

5000

6000

7000

8000 hdeltax_pp

Entries  190544

Mean  0.1246- 

Std Dev     3.375

hdeltay_pp

Entries  190544

Mean   0.0442

Std Dev     1.631

30- 20- 10- 0 10 20 300

5000

10000

15000

20000

25000
hdeltay_pp

Entries  190544

Mean   0.0442

Std Dev     1.631

30- 20- 10- 0 10 20 3030-

20-

10-

0

10

20

30 hdxdy_pp
Entries  190544

Mean x 0.1267- 

Mean y  0.04315

Std Dev x   3.361

Std Dev y   1.502

0

200

400

600

800

1000

1200

hdxdy_pp
Entries  190544

Mean x 0.1267- 

Mean y  0.04315

Std Dev x   3.361

Std Dev y   1.502

Top row: using !"(!$). Bottom row: using !"(&$)



Miscellaneous Exclusivity Cut variables
hdphip
Entries  190544

Mean  0.0004657- 

Std Dev    0.003089

0.020- 0.015- 0.010- 0.005- 0.000 0.005 0.010 0.015 0.020
 (rad)p - ef - pf

0

1000

2000

3000

4000

5000

hdphip
Entries  190544

Mean  0.0004657- 

Std Dev    0.003089

hdthetap
Entries  190544

Mean  05-3.69e- 

Std Dev    0.001607

0.020- 0.015- 0.010- 0.005- 0.000 0.005 0.010 0.015 0.020
) (rad)eq(pq - pq

0

2000

4000

6000

8000

10000

12000

hdthetap
Entries  190544

Mean  05-3.69e- 

Std Dev    0.001607

hpmisse
Entries  190544

Mean   0.000433

Std Dev    0.01008

0.10- 0.08- 0.06- 0.04- 0.02- 0.00 0.02 0.04 0.06 0.08 0.10true
p

))/peq(p
 - pSBS

p
(p

0

1000

2000

3000

4000

5000

6000

7000

8000
hpmisse
Entries  190544

Mean   0.000433

Std Dev    0.01008

hdthetae_true

Entries  190544

Mean  05-4.554e- 

Std Dev    0.001848

0.020- 0.015- 0.010- 0.005- 0.000 0.005 0.010 0.015 0.020
 (true) (rad)eq (recon) - eq

0

1000

2000

3000

4000

5000

6000

7000

8000

9000 hdthetae_true

Entries  190544

Mean  05-4.554e- 

Std Dev    0.001848

hdphie_true

Entries  190544

Mean   0.0003192

Std Dev    0.002034

0.020- 0.015- 0.010- 0.005- 0.000 0.005 0.010 0.015 0.020
 (true) (rad)ef (recon) - ef

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

hdphie_true

Entries  190544

Mean   0.0003192

Std Dev    0.002034

hdpp_eth_pth

Entries  190544

Mean  05- 5.386e

Std Dev    0.005103

0.10- 0.08- 0.06- 0.04- 0.02- 0.00 0.02 0.04 0.06 0.08 0.10true
p

))/ppq(p
) - peq(p

(p
0

5000

10000

15000

20000

25000

hdpp_eth_pth

Entries  190544

Mean  05- 5.386e

Std Dev    0.005103



Summary and Conclusions
• SBS forward and backward optics formalism developed, stable
• GEP electron arm basic reconstruction and calibration algorithms written
• Without knowing vertex z coordinate, ECAL+CDET information localizes elastic 

proton track to within an area of ±4 #$ % ×±8 #$ ( , slopes to within 
± 8$)*+ ,-

,. and ±10 $)*+ (,2,.)
• GEP electron arm has no sensitivity to the vertex z coordinate, BUT:

• Once ECAL shower coordinate is fixed, there is a one-to-one correspondence between
vertex z coordinate and electron scattering angle, and therefore also proton scattering 
angle/momentum/etc. 

• If the vertex coordinate is known, ECAL shower coordinate predicts FT track 
coordinates to within ~ ±1 #$, slopes to within ~±3$)*+. Area of search region at 
each plane is of order 1 cm2.

• This suggests a tracking strategy in which we divide the target length into an 
appropriate number of bins in vertex z coordinate, scan the assumed value of vertex z 
along the length of the target, and search for tracks within the narrow allowed region 
for elastic protons implied by a particular choice of vertex z. This should minimize 
the combinatorics and speed up tracking, and lead to cleaner results. 

• For each bin in vertex z, we record the number of “good” FT 2D hits/planes/track 
candidates found, and then we do target reconstruction, perhaps some kind of 
kinematic fitting to choose “best” quantities. 

• Use tight chi^2 cuts, requirements on agreement with exclusivity requirements, etc.


