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Motivation

  Study Deuteron at short ranges (< 1fm).  

             High momentum transfers probe the Deuteron at smaller distances.  
             Smaller inter-nucleon distances enables one to access the high momentum  
             components of nucleons  

  Extract D(e,e’p)n cross-section beyond 500 MeV/c missing momentum at high Q2

  Extract momentum distributions (not an observable) from cross sections.
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D(e,e’p)n Interactions

Meson-Exchange Currents (MEC) Isobar Configurations (IC)

Plane Wave Impulse Approximation  
(PWIA) Final State Interactions (FSI)
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   Initial Analysis 
   Procedure 

   - Reference Time Cuts 
                - TDC/ADC Time Window Cuts  

  - Detector Calibration  



HMS 3/4

SHMS 3/4

Reference Time Cuts: Basic Principle  

Coincidence

HMS TDC Reference Time Spectrum

SHMS TDC Reference Time Spectrum

reject

reject

Reference time  
cut

hcana (Hall C Analyzer) selects the 1st hit  
beyond the cut as ref. time !

Ref. Time subtraction on  
Detector signals improves  
timing resolution
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HMS DC Ref 1
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SHMS fADC Ref. Time
pFADC_ref
Entries  295046

Mean     3781

Std Dev     197.8

pFADC_ref_CUT
Entries  279518

Mean     3779

Std Dev     189.4

SHMS fADC Ref. Time
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Time Window Cuts 
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<latexit sha1_base64="jj2RpEp3vc8qjgFHkdiw/jdzhms=">AAACDXicbVA9SwNBEN3zM55fp5Y2i1GwCncqKFZBLSxVjAq5I+xtJsni7t2xOyeGI3/Axr9iY6GIrb2d/8ZNTKGJDwYe780wMy/OpDDo+1/OxOTU9Mxsac6dX1hcWvZWVq9MmmsONZ7KVN/EzIAUCdRQoISbTANTsYTr+Pa471/fgTYiTS6xm0GkWDsRLcEZWqnhbbohwj0WJ8f0Aoxo5kyawx4NjVB01/dpqHKqGl7Zr/gD0HESDEmZDHHW8D7DZspzBQlyyYypB36GUcE0Ci6h54a5gYzxW9aGuqUJU2CiYvBNj25ZpUlbqbaVIB2ovycKpozpqth2KoYdM+r1xf+8eo6tg6gQSZYjJPxnUSuXFFPaj4Y2hQaOsmsJ41rYWynvMM042gBdG0Iw+vI4udqpBH4lON8rV4+GcZTIOtkg2yQg+6RKTskZqRFOHsgTeSGvzqPz7Lw57z+tE85wZo38gfPxDeNFmiY=</latexit><latexit sha1_base64="jj2RpEp3vc8qjgFHkdiw/jdzhms=">AAACDXicbVA9SwNBEN3zM55fp5Y2i1GwCncqKFZBLSxVjAq5I+xtJsni7t2xOyeGI3/Axr9iY6GIrb2d/8ZNTKGJDwYe780wMy/OpDDo+1/OxOTU9Mxsac6dX1hcWvZWVq9MmmsONZ7KVN/EzIAUCdRQoISbTANTsYTr+Pa471/fgTYiTS6xm0GkWDsRLcEZWqnhbbohwj0WJ8f0Aoxo5kyawx4NjVB01/dpqHKqGl7Zr/gD0HESDEmZDHHW8D7DZspzBQlyyYypB36GUcE0Ci6h54a5gYzxW9aGuqUJU2CiYvBNj25ZpUlbqbaVIB2ovycKpozpqth2KoYdM+r1xf+8eo6tg6gQSZYjJPxnUSuXFFPaj4Y2hQaOsmsJ41rYWynvMM042gBdG0Iw+vI4udqpBH4lON8rV4+GcZTIOtkg2yQg+6RKTskZqRFOHsgTeSGvzqPz7Lw57z+tE85wZo38gfPxDeNFmiY=</latexit><latexit sha1_base64="jj2RpEp3vc8qjgFHkdiw/jdzhms=">AAACDXicbVA9SwNBEN3zM55fp5Y2i1GwCncqKFZBLSxVjAq5I+xtJsni7t2xOyeGI3/Axr9iY6GIrb2d/8ZNTKGJDwYe780wMy/OpDDo+1/OxOTU9Mxsac6dX1hcWvZWVq9MmmsONZ7KVN/EzIAUCdRQoISbTANTsYTr+Pa471/fgTYiTS6xm0GkWDsRLcEZWqnhbbohwj0WJ8f0Aoxo5kyawx4NjVB01/dpqHKqGl7Zr/gD0HESDEmZDHHW8D7DZspzBQlyyYypB36GUcE0Ci6h54a5gYzxW9aGuqUJU2CiYvBNj25ZpUlbqbaVIB2ovycKpozpqth2KoYdM+r1xf+8eo6tg6gQSZYjJPxnUSuXFFPaj4Y2hQaOsmsJ41rYWynvMM042gBdG0Iw+vI4udqpBH4lON8rV4+GcZTIOtkg2yQg+6RKTskZqRFOHsgTeSGvzqPz7Lw57z+tE85wZo38gfPxDeNFmiY=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="n5KSjTrLo8o5VcnWTDDYCPQMJGs=">AAACAnicbZDNSgMxFIXv+FvrX3XrJvgDrkpGF4oroS5cVrEqdErJpLcaTGaG5I5Yhr6AG1/FjQtFfAh3vo1p7UJbDwQ+zkm4uSfOtHLE+VcwNT0zOzdfWigvLi2vrFbWli5dmluJDZnq1F7HwqFWCTZIkcbrzKIwscar+K42yK/u0TqVJhfUy7BlxE2iukoK8la7sl2OCB+oOKmxc3Sqkwvtjvoscsqwfc5ZZHJm2pUtXuVDsUkIR7AFI9Xblc+ok8rcYEJSC+eaIc+oVQhLSmrsl6PcYSbknbjBpsdEGHStYrhNn+14p8O6qfUnITZ0f78ohHGuZ2J/0wi6dePZwPwva+bUPWwVKslywkT+DOrmmlHKBtWwjrIoSfc8CGmV/yuTt8IKSb7Asi8hHF95Ei73qiGvhmccSrABm7ALIRzAMZxCHRog4RGe4RXegqfgJXj/qWsqGPW2Dn8UfHwDRHeYrg==</latexit><latexit sha1_base64="n5KSjTrLo8o5VcnWTDDYCPQMJGs=">AAACAnicbZDNSgMxFIXv+FvrX3XrJvgDrkpGF4oroS5cVrEqdErJpLcaTGaG5I5Yhr6AG1/FjQtFfAh3vo1p7UJbDwQ+zkm4uSfOtHLE+VcwNT0zOzdfWigvLi2vrFbWli5dmluJDZnq1F7HwqFWCTZIkcbrzKIwscar+K42yK/u0TqVJhfUy7BlxE2iukoK8la7sl2OCB+oOKmxc3Sqkwvtjvoscsqwfc5ZZHJm2pUtXuVDsUkIR7AFI9Xblc+ok8rcYEJSC+eaIc+oVQhLSmrsl6PcYSbknbjBpsdEGHStYrhNn+14p8O6qfUnITZ0f78ohHGuZ2J/0wi6dePZwPwva+bUPWwVKslywkT+DOrmmlHKBtWwjrIoSfc8CGmV/yuTt8IKSb7Asi8hHF95Ei73qiGvhmccSrABm7ALIRzAMZxCHRog4RGe4RXegqfgJXj/qWsqGPW2Dn8UfHwDRHeYrg==</latexit><latexit sha1_base64="mCleQLd2Q23hpvYaj/GViOv78E8=">AAACDXicbVA9SwNBEN3z2/gVtbRZjIJV2NNCsQpqYRnFJELuCHubiS7u3h27c2I48gds/Cs2ForY2tv5b9wkV/j1YODx3gwz86JUSYuMfXoTk1PTM7Nz86WFxaXllfLqWtMmmRHQEIlKzGXELSgZQwMlKrhMDXAdKWhFN8dDv3ULxsokvsB+CqHmV7HsScHRSZ3yVilAuMP85Jieg5XdjCt7OKCBlZruMUYDnVHdKVdYlY1A/xK/IBVSoN4pfwTdRGQaYhSKW9v2WYphzg1KoWBQCjILKRc3/ArajsZcgw3z0TcDuu2ULu0lxlWMdKR+n8i5travI9epOV7b395Q/M9rZ9g7CHMZpxlCLMaLepmimNBhNLQrDQhUfUe4MNLdSsU1N1ygC7DkQvB/v/yXNHerPqv6Z6xSOyrimCMbZJPsEJ/skxo5JXXSIILck0fyTF68B+/Je/Xexq0TXjGzTn7Ae/8C4gWaIg==</latexit><latexit sha1_base64="jj2RpEp3vc8qjgFHkdiw/jdzhms=">AAACDXicbVA9SwNBEN3zM55fp5Y2i1GwCncqKFZBLSxVjAq5I+xtJsni7t2xOyeGI3/Axr9iY6GIrb2d/8ZNTKGJDwYe780wMy/OpDDo+1/OxOTU9Mxsac6dX1hcWvZWVq9MmmsONZ7KVN/EzIAUCdRQoISbTANTsYTr+Pa471/fgTYiTS6xm0GkWDsRLcEZWqnhbbohwj0WJ8f0Aoxo5kyawx4NjVB01/dpqHKqGl7Zr/gD0HESDEmZDHHW8D7DZspzBQlyyYypB36GUcE0Ci6h54a5gYzxW9aGuqUJU2CiYvBNj25ZpUlbqbaVIB2ovycKpozpqth2KoYdM+r1xf+8eo6tg6gQSZYjJPxnUSuXFFPaj4Y2hQaOsmsJ41rYWynvMM042gBdG0Iw+vI4udqpBH4lON8rV4+GcZTIOtkg2yQg+6RKTskZqRFOHsgTeSGvzqPz7Lw57z+tE85wZo38gfPxDeNFmiY=</latexit><latexit sha1_base64="jj2RpEp3vc8qjgFHkdiw/jdzhms=">AAACDXicbVA9SwNBEN3zM55fp5Y2i1GwCncqKFZBLSxVjAq5I+xtJsni7t2xOyeGI3/Axr9iY6GIrb2d/8ZNTKGJDwYe780wMy/OpDDo+1/OxOTU9Mxsac6dX1hcWvZWVq9MmmsONZ7KVN/EzIAUCdRQoISbTANTsYTr+Pa471/fgTYiTS6xm0GkWDsRLcEZWqnhbbohwj0WJ8f0Aoxo5kyawx4NjVB01/dpqHKqGl7Zr/gD0HESDEmZDHHW8D7DZspzBQlyyYypB36GUcE0Ci6h54a5gYzxW9aGuqUJU2CiYvBNj25ZpUlbqbaVIB2ovycKpozpqth2KoYdM+r1xf+8eo6tg6gQSZYjJPxnUSuXFFPaj4Y2hQaOsmsJ41rYWynvMM042gBdG0Iw+vI4udqpBH4lON8rV4+GcZTIOtkg2yQg+6RKTskZqRFOHsgTeSGvzqPz7Lw57z+tE85wZo38gfPxDeNFmiY=</latexit><latexit sha1_base64="jj2RpEp3vc8qjgFHkdiw/jdzhms=">AAACDXicbVA9SwNBEN3zM55fp5Y2i1GwCncqKFZBLSxVjAq5I+xtJsni7t2xOyeGI3/Axr9iY6GIrb2d/8ZNTKGJDwYe780wMy/OpDDo+1/OxOTU9Mxsac6dX1hcWvZWVq9MmmsONZ7KVN/EzIAUCdRQoISbTANTsYTr+Pa471/fgTYiTS6xm0GkWDsRLcEZWqnhbbohwj0WJ8f0Aoxo5kyawx4NjVB01/dpqHKqGl7Zr/gD0HESDEmZDHHW8D7DZspzBQlyyYypB36GUcE0Ci6h54a5gYzxW9aGuqUJU2CiYvBNj25ZpUlbqbaVIB2ovycKpozpqth2KoYdM+r1xf+8eo6tg6gQSZYjJPxnUSuXFFPaj4Y2hQaOsmsJ41rYWynvMM042gBdG0Iw+vI4udqpBH4lON8rV4+GcZTIOtkg2yQg+6RKTskZqRFOHsgTeSGvzqPz7Lw57z+tE85wZo38gfPxDeNFmiY=</latexit><latexit sha1_base64="jj2RpEp3vc8qjgFHkdiw/jdzhms=">AAACDXicbVA9SwNBEN3zM55fp5Y2i1GwCncqKFZBLSxVjAq5I+xtJsni7t2xOyeGI3/Axr9iY6GIrb2d/8ZNTKGJDwYe780wMy/OpDDo+1/OxOTU9Mxsac6dX1hcWvZWVq9MmmsONZ7KVN/EzIAUCdRQoISbTANTsYTr+Pa471/fgTYiTS6xm0GkWDsRLcEZWqnhbbohwj0WJ8f0Aoxo5kyawx4NjVB01/dpqHKqGl7Zr/gD0HESDEmZDHHW8D7DZspzBQlyyYypB36GUcE0Ci6h54a5gYzxW9aGuqUJU2CiYvBNj25ZpUlbqbaVIB2ovycKpozpqth2KoYdM+r1xf+8eo6tg6gQSZYjJPxnUSuXFFPaj4Y2hQaOsmsJ41rYWynvMM042gBdG0Iw+vI4udqpBH4lON8rV4+GcZTIOtkg2yQg+6RKTskZqRFOHsgTeSGvzqPz7Lw57z+tE85wZo38gfPxDeNFmiY=</latexit><latexit sha1_base64="jj2RpEp3vc8qjgFHkdiw/jdzhms=">AAACDXicbVA9SwNBEN3zM55fp5Y2i1GwCncqKFZBLSxVjAq5I+xtJsni7t2xOyeGI3/Axr9iY6GIrb2d/8ZNTKGJDwYe780wMy/OpDDo+1/OxOTU9Mxsac6dX1hcWvZWVq9MmmsONZ7KVN/EzIAUCdRQoISbTANTsYTr+Pa471/fgTYiTS6xm0GkWDsRLcEZWqnhbbohwj0WJ8f0Aoxo5kyawx4NjVB01/dpqHKqGl7Zr/gD0HESDEmZDHHW8D7DZspzBQlyyYypB36GUcE0Ci6h54a5gYzxW9aGuqUJU2CiYvBNj25ZpUlbqbaVIB2ovycKpozpqth2KoYdM+r1xf+8eo6tg6gQSZYjJPxnUSuXFFPaj4Y2hQaOsmsJ41rYWynvMM042gBdG0Iw+vI4udqpBH4lON8rV4+GcZTIOtkg2yQg+6RKTskZqRFOHsgTeSGvzqPz7Lw57z+tE85wZo38gfPxDeNFmiY=</latexit><latexit sha1_base64="jj2RpEp3vc8qjgFHkdiw/jdzhms=">AAACDXicbVA9SwNBEN3zM55fp5Y2i1GwCncqKFZBLSxVjAq5I+xtJsni7t2xOyeGI3/Axr9iY6GIrb2d/8ZNTKGJDwYe780wMy/OpDDo+1/OxOTU9Mxsac6dX1hcWvZWVq9MmmsONZ7KVN/EzIAUCdRQoISbTANTsYTr+Pa471/fgTYiTS6xm0GkWDsRLcEZWqnhbbohwj0WJ8f0Aoxo5kyawx4NjVB01/dpqHKqGl7Zr/gD0HESDEmZDHHW8D7DZspzBQlyyYypB36GUcE0Ci6h54a5gYzxW9aGuqUJU2CiYvBNj25ZpUlbqbaVIB2ovycKpozpqth2KoYdM+r1xf+8eo6tg6gQSZYjJPxnUSuXFFPaj4Y2hQaOsmsJ41rYWynvMM042gBdG0Iw+vI4udqpBH4lON8rV4+GcZTIOtkg2yQg+6RKTskZqRFOHsgTeSGvzqPz7Lw57z+tE85wZo38gfPxDeNFmiY=</latexit>
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<latexit sha1_base64="wHsGnyiE8mVrJD0A+AMKL0g45tU=">AAACA3icbVDLSsNAFJ3UV42vqDvdDBbBVUlE0GXRjcsK9gFNCJPpTTt0MgkzE6GEght/xY0LRdz6E+78G6dtFtp6YOBwzr3cOSfKOFPadb+tysrq2vpGddPe2t7Z3XP2D9oqzSWFFk15KrsRUcCZgJZmmkM3k0CSiEMnGt1M/c4DSMVSca/HGQQJGQgWM0q0kULnyPYj0CQsgAPVMhUT7CuWYK/uhk7Nrbsz4GXilaSGSjRD58vvpzRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmGWY4FOj9HGcSvOExjP190ZBEqXGSWQmE6KHatGbiv95vVzHV0HBRJZrEHR+KM451imeFoL7TJrkfGwIoZKZv2I6JJJQbWqzTQneYuRl0j6ve27du7uoNa7LOqroGJ2gM+ShS9RAt6iJWoiiR/SMXtGb9WS9WO/Wx3y0YpU7h+gPrM8foXWW2A==</latexit><latexit sha1_base64="wHsGnyiE8mVrJD0A+AMKL0g45tU=">AAACA3icbVDLSsNAFJ3UV42vqDvdDBbBVUlE0GXRjcsK9gFNCJPpTTt0MgkzE6GEght/xY0LRdz6E+78G6dtFtp6YOBwzr3cOSfKOFPadb+tysrq2vpGddPe2t7Z3XP2D9oqzSWFFk15KrsRUcCZgJZmmkM3k0CSiEMnGt1M/c4DSMVSca/HGQQJGQgWM0q0kULnyPYj0CQsgAPVMhUT7CuWYK/uhk7Nrbsz4GXilaSGSjRD58vvpzRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmGWY4FOj9HGcSvOExjP190ZBEqXGSWQmE6KHatGbiv95vVzHV0HBRJZrEHR+KM451imeFoL7TJrkfGwIoZKZv2I6JJJQbWqzTQneYuRl0j6ve27du7uoNa7LOqroGJ2gM+ShS9RAt6iJWoiiR/SMXtGb9WS9WO/Wx3y0YpU7h+gPrM8foXWW2A==</latexit><latexit sha1_base64="wHsGnyiE8mVrJD0A+AMKL0g45tU=">AAACA3icbVDLSsNAFJ3UV42vqDvdDBbBVUlE0GXRjcsK9gFNCJPpTTt0MgkzE6GEght/xY0LRdz6E+78G6dtFtp6YOBwzr3cOSfKOFPadb+tysrq2vpGddPe2t7Z3XP2D9oqzSWFFk15KrsRUcCZgJZmmkM3k0CSiEMnGt1M/c4DSMVSca/HGQQJGQgWM0q0kULnyPYj0CQsgAPVMhUT7CuWYK/uhk7Nrbsz4GXilaSGSjRD58vvpzRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmGWY4FOj9HGcSvOExjP190ZBEqXGSWQmE6KHatGbiv95vVzHV0HBRJZrEHR+KM451imeFoL7TJrkfGwIoZKZv2I6JJJQbWqzTQneYuRl0j6ve27du7uoNa7LOqroGJ2gM+ShS9RAt6iJWoiiR/SMXtGb9WS9WO/Wx3y0YpU7h+gPrM8foXWW2A==</latexit><latexit sha1_base64="wHsGnyiE8mVrJD0A+AMKL0g45tU=">AAACA3icbVDLSsNAFJ3UV42vqDvdDBbBVUlE0GXRjcsK9gFNCJPpTTt0MgkzE6GEght/xY0LRdz6E+78G6dtFtp6YOBwzr3cOSfKOFPadb+tysrq2vpGddPe2t7Z3XP2D9oqzSWFFk15KrsRUcCZgJZmmkM3k0CSiEMnGt1M/c4DSMVSca/HGQQJGQgWM0q0kULnyPYj0CQsgAPVMhUT7CuWYK/uhk7Nrbsz4GXilaSGSjRD58vvpzRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmGWY4FOj9HGcSvOExjP190ZBEqXGSWQmE6KHatGbiv95vVzHV0HBRJZrEHR+KM451imeFoL7TJrkfGwIoZKZv2I6JJJQbWqzTQneYuRl0j6ve27du7uoNa7LOqroGJ2gM+ShS9RAt6iJWoiiR/SMXtGb9WS9WO/Wx3y0YpU7h+gPrM8foXWW2A==</latexit>

Edep

P
⇠ 1.0

<latexit sha1_base64="OgVft+ZjgOgs9V0d1rmt5UtWTEs=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyERQY9FETxWsLXQhLDZbNqlu5uwuxFKCHjxr3jxoIhX/4Q3/43bNgdtfTDweG+GmXlRxqjSrvtt1ZaWV1bX6uuNjc2t7R17d6+r0lxi0sEpS2UvQoowKkhHU81IL5ME8YiR+2h0NfHvH4hUNBV3epyRgKOBoAnFSBsptA/8RCJcXIdFTLKyLNol9BXl0HPc0G66jjsFXCReRZqgQju0v/w4xTknQmOGlOp7bqaDAklNMSNlw88VyRAeoQHpGyoQJyoopj+U8NgoMUxSaUpoOFV/TxSIKzXmkenkSA/VvDcR//P6uU4ugoKKLNdE4NmiJGdQp3ASCIypJFizsSEIS2puhXiITCjaxNYwIXjzLy+S7qnjuY53e9ZsXVZx1MEhOAInwAPnoAVuQBt0AAaP4Bm8gjfryXqx3q2PWWvNqmb2wR9Ynz8vqJcw</latexit><latexit sha1_base64="OgVft+ZjgOgs9V0d1rmt5UtWTEs=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyERQY9FETxWsLXQhLDZbNqlu5uwuxFKCHjxr3jxoIhX/4Q3/43bNgdtfTDweG+GmXlRxqjSrvtt1ZaWV1bX6uuNjc2t7R17d6+r0lxi0sEpS2UvQoowKkhHU81IL5ME8YiR+2h0NfHvH4hUNBV3epyRgKOBoAnFSBsptA/8RCJcXIdFTLKyLNol9BXl0HPc0G66jjsFXCReRZqgQju0v/w4xTknQmOGlOp7bqaDAklNMSNlw88VyRAeoQHpGyoQJyoopj+U8NgoMUxSaUpoOFV/TxSIKzXmkenkSA/VvDcR//P6uU4ugoKKLNdE4NmiJGdQp3ASCIypJFizsSEIS2puhXiITCjaxNYwIXjzLy+S7qnjuY53e9ZsXVZx1MEhOAInwAPnoAVuQBt0AAaP4Bm8gjfryXqx3q2PWWvNqmb2wR9Ynz8vqJcw</latexit><latexit sha1_base64="OgVft+ZjgOgs9V0d1rmt5UtWTEs=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyERQY9FETxWsLXQhLDZbNqlu5uwuxFKCHjxr3jxoIhX/4Q3/43bNgdtfTDweG+GmXlRxqjSrvtt1ZaWV1bX6uuNjc2t7R17d6+r0lxi0sEpS2UvQoowKkhHU81IL5ME8YiR+2h0NfHvH4hUNBV3epyRgKOBoAnFSBsptA/8RCJcXIdFTLKyLNol9BXl0HPc0G66jjsFXCReRZqgQju0v/w4xTknQmOGlOp7bqaDAklNMSNlw88VyRAeoQHpGyoQJyoopj+U8NgoMUxSaUpoOFV/TxSIKzXmkenkSA/VvDcR//P6uU4ugoKKLNdE4NmiJGdQp3ASCIypJFizsSEIS2puhXiITCjaxNYwIXjzLy+S7qnjuY53e9ZsXVZx1MEhOAInwAPnoAVuQBt0AAaP4Bm8gjfryXqx3q2PWWvNqmb2wR9Ynz8vqJcw</latexit><latexit sha1_base64="OgVft+ZjgOgs9V0d1rmt5UtWTEs=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyERQY9FETxWsLXQhLDZbNqlu5uwuxFKCHjxr3jxoIhX/4Q3/43bNgdtfTDweG+GmXlRxqjSrvtt1ZaWV1bX6uuNjc2t7R17d6+r0lxi0sEpS2UvQoowKkhHU81IL5ME8YiR+2h0NfHvH4hUNBV3epyRgKOBoAnFSBsptA/8RCJcXIdFTLKyLNol9BXl0HPc0G66jjsFXCReRZqgQju0v/w4xTknQmOGlOp7bqaDAklNMSNlw88VyRAeoQHpGyoQJyoopj+U8NgoMUxSaUpoOFV/TxSIKzXmkenkSA/VvDcR//P6uU4ugoKKLNdE4NmiJGdQp3ASCIypJFizsSEIS2puhXiITCjaxNYwIXjzLy+S7qnjuY53e9ZsXVZx1MEhOAInwAPnoAVuQBt0AAaP4Bm8gjfryXqx3q2PWWvNqmb2wR9Ynz8vqJcw</latexit>



E12-10-003 

H(e,e’p) Analysis: 

HMS/SHMS Momentum  
Corrections and Optimization 



Why Optimize H(e,e’p) before Studying the D(e,e’p)n  Reaction ?

P (e)
µ = (Eb,~ki)

<latexit sha1_base64="BmgHlschBNZvD4ZudDl1QL1prK0=">AAACDXicbVDLSgNBEJyNrxhfqx69DEYhAQm7IuhFCIrgMYJ5QBKX2UlvMmT2wcxsICz7A178FS8eFPHq3Zt/4yTZgyYWNBRV3XR3uRFnUlnWt5FbWl5ZXcuvFzY2t7Z3zN29hgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoekOryd+cwRCsjC4V+MIuj7pB8xjlCgtOeZR7SEpQTl1ko4fp/gSl26cxE1PcGcENBlqnaVlxyxaFWsKvEjsjBRRhppjfnV6IY19CBTlRMq2bUWqmxChGOWQFjqxhIjQIelDW9OA+CC7yfSbFB9rpYe9UOgKFJ6qvycS4ks59l3d6RM1kPPeRPzPa8fKu+gmLIhiBQGdLfJijlWIJ9HgHhNAFR9rQqhg+lZMB0QQqnSABR2CPf/yImmcVmyrYt+dFatXWRx5dIAOUQnZ6BxV0S2qoTqi6BE9o1f0ZjwZL8a78TFrzRnZzD76A+PzB/Ejmtk=</latexit><latexit sha1_base64="BmgHlschBNZvD4ZudDl1QL1prK0=">AAACDXicbVDLSgNBEJyNrxhfqx69DEYhAQm7IuhFCIrgMYJ5QBKX2UlvMmT2wcxsICz7A178FS8eFPHq3Zt/4yTZgyYWNBRV3XR3uRFnUlnWt5FbWl5ZXcuvFzY2t7Z3zN29hgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoekOryd+cwRCsjC4V+MIuj7pB8xjlCgtOeZR7SEpQTl1ko4fp/gSl26cxE1PcGcENBlqnaVlxyxaFWsKvEjsjBRRhppjfnV6IY19CBTlRMq2bUWqmxChGOWQFjqxhIjQIelDW9OA+CC7yfSbFB9rpYe9UOgKFJ6qvycS4ks59l3d6RM1kPPeRPzPa8fKu+gmLIhiBQGdLfJijlWIJ9HgHhNAFR9rQqhg+lZMB0QQqnSABR2CPf/yImmcVmyrYt+dFatXWRx5dIAOUQnZ6BxV0S2qoTqi6BE9o1f0ZjwZL8a78TFrzRnZzD76A+PzB/Ejmtk=</latexit><latexit sha1_base64="BmgHlschBNZvD4ZudDl1QL1prK0=">AAACDXicbVDLSgNBEJyNrxhfqx69DEYhAQm7IuhFCIrgMYJ5QBKX2UlvMmT2wcxsICz7A178FS8eFPHq3Zt/4yTZgyYWNBRV3XR3uRFnUlnWt5FbWl5ZXcuvFzY2t7Z3zN29hgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoekOryd+cwRCsjC4V+MIuj7pB8xjlCgtOeZR7SEpQTl1ko4fp/gSl26cxE1PcGcENBlqnaVlxyxaFWsKvEjsjBRRhppjfnV6IY19CBTlRMq2bUWqmxChGOWQFjqxhIjQIelDW9OA+CC7yfSbFB9rpYe9UOgKFJ6qvycS4ks59l3d6RM1kPPeRPzPa8fKu+gmLIhiBQGdLfJijlWIJ9HgHhNAFR9rQqhg+lZMB0QQqnSABR2CPf/yImmcVmyrYt+dFatXWRx5dIAOUQnZ6BxV0S2qoTqi6BE9o1f0ZjwZL8a78TFrzRnZzD76A+PzB/Ejmtk=</latexit><latexit sha1_base64="BmgHlschBNZvD4ZudDl1QL1prK0=">AAACDXicbVDLSgNBEJyNrxhfqx69DEYhAQm7IuhFCIrgMYJ5QBKX2UlvMmT2wcxsICz7A178FS8eFPHq3Zt/4yTZgyYWNBRV3XR3uRFnUlnWt5FbWl5ZXcuvFzY2t7Z3zN29hgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoekOryd+cwRCsjC4V+MIuj7pB8xjlCgtOeZR7SEpQTl1ko4fp/gSl26cxE1PcGcENBlqnaVlxyxaFWsKvEjsjBRRhppjfnV6IY19CBTlRMq2bUWqmxChGOWQFjqxhIjQIelDW9OA+CC7yfSbFB9rpYe9UOgKFJ6qvycS4ks59l3d6RM1kPPeRPzPa8fKu+gmLIhiBQGdLfJijlWIJ9HgHhNAFR9rQqhg+lZMB0QQqnSABR2CPf/yImmcVmyrYt+dFatXWRx5dIAOUQnZ6BxV0S2qoTqi6BE9o1f0ZjwZL8a78TFrzRnZzD76A+PzB/Ejmtk=</latexit>

P (e)
µ = (Ee,~kf )

<latexit sha1_base64="aFp0yvQ+DpyBqs+YkdpnjpgHbNs=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIQMKMCHoRgiJ4jGAWyMShp1OTNOlZ6O4JhGF+wIu/4sWDIl69e/Nv7CwHTXxQ8Hiviqp6XsyZVJb1beSWlldW1/LrhY3Nre0dc3evIaNEUKjTiEei5REJnIVQV0xxaMUCSOBxaHqD67HfHIKQLArv1SiGTkB6IfMZJUpLrnlUe0hLUM7c1AmSDF/i0o2bQnaCnSHQdKB1Pyu7ZtGqWBPgRWLPSBHNUHPNL6cb0SSAUFFOpGzbVqw6KRGKUQ5ZwUkkxIQOSA/amoYkANlJJ99k+FgrXexHQleo8ET9PZGSQMpR4OnOgKi+nPfG4n9eO1H+RSdlYZwoCOl0kZ9wrCI8jgZ3mQCq+EgTQgXTt2LaJ4JQpQMs6BDs+ZcXSeO0YlsV++6sWL2axZFHB+gQlZCNzlEV3aIaqiOKHtEzekVvxpPxYrwbH9PWnDGb2Ud/YHz+APFKmtk=</latexit><latexit sha1_base64="aFp0yvQ+DpyBqs+YkdpnjpgHbNs=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIQMKMCHoRgiJ4jGAWyMShp1OTNOlZ6O4JhGF+wIu/4sWDIl69e/Nv7CwHTXxQ8Hiviqp6XsyZVJb1beSWlldW1/LrhY3Nre0dc3evIaNEUKjTiEei5REJnIVQV0xxaMUCSOBxaHqD67HfHIKQLArv1SiGTkB6IfMZJUpLrnlUe0hLUM7c1AmSDF/i0o2bQnaCnSHQdKB1Pyu7ZtGqWBPgRWLPSBHNUHPNL6cb0SSAUFFOpGzbVqw6KRGKUQ5ZwUkkxIQOSA/amoYkANlJJ99k+FgrXexHQleo8ET9PZGSQMpR4OnOgKi+nPfG4n9eO1H+RSdlYZwoCOl0kZ9wrCI8jgZ3mQCq+EgTQgXTt2LaJ4JQpQMs6BDs+ZcXSeO0YlsV++6sWL2axZFHB+gQlZCNzlEV3aIaqiOKHtEzekVvxpPxYrwbH9PWnDGb2Ud/YHz+APFKmtk=</latexit><latexit sha1_base64="aFp0yvQ+DpyBqs+YkdpnjpgHbNs=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIQMKMCHoRgiJ4jGAWyMShp1OTNOlZ6O4JhGF+wIu/4sWDIl69e/Nv7CwHTXxQ8Hiviqp6XsyZVJb1beSWlldW1/LrhY3Nre0dc3evIaNEUKjTiEei5REJnIVQV0xxaMUCSOBxaHqD67HfHIKQLArv1SiGTkB6IfMZJUpLrnlUe0hLUM7c1AmSDF/i0o2bQnaCnSHQdKB1Pyu7ZtGqWBPgRWLPSBHNUHPNL6cb0SSAUFFOpGzbVqw6KRGKUQ5ZwUkkxIQOSA/amoYkANlJJ99k+FgrXexHQleo8ET9PZGSQMpR4OnOgKi+nPfG4n9eO1H+RSdlYZwoCOl0kZ9wrCI8jgZ3mQCq+EgTQgXTt2LaJ4JQpQMs6BDs+ZcXSeO0YlsV++6sWL2axZFHB+gQlZCNzlEV3aIaqiOKHtEzekVvxpPxYrwbH9PWnDGb2Ud/YHz+APFKmtk=</latexit><latexit sha1_base64="aFp0yvQ+DpyBqs+YkdpnjpgHbNs=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIQMKMCHoRgiJ4jGAWyMShp1OTNOlZ6O4JhGF+wIu/4sWDIl69e/Nv7CwHTXxQ8Hiviqp6XsyZVJb1beSWlldW1/LrhY3Nre0dc3evIaNEUKjTiEei5REJnIVQV0xxaMUCSOBxaHqD67HfHIKQLArv1SiGTkB6IfMZJUpLrnlUe0hLUM7c1AmSDF/i0o2bQnaCnSHQdKB1Pyu7ZtGqWBPgRWLPSBHNUHPNL6cb0SSAUFFOpGzbVqw6KRGKUQ5ZwUkkxIQOSA/amoYkANlJJ99k+FgrXexHQleo8ET9PZGSQMpR4OnOgKi+nPfG4n9eO1H+RSdlYZwoCOl0kZ9wrCI8jgZ3mQCq+EgTQgXTt2LaJ4JQpQMs6BDs+ZcXSeO0YlsV++6sWL2axZFHB+gQlZCNzlEV3aIaqiOKHtEzekVvxpPxYrwbH9PWnDGb2Ud/YHz+APFKmtk=</latexit>

P q
µ = (Eb � Ee, ~ki � ~kf )

<latexit sha1_base64="nJ+bv7PN8utekeLNx3aCvXI4ylQ=">AAACH3icbVDLSgMxFM34rPVVdekmWAQFLTMi6kYoiuCygq1CW4dMeqcNzTxMMoUS8idu/BU3LhQRd/0b0wfi60DCyTn3cnNPkHImlesOnKnpmdm5+dxCfnFpeWW1sLZek0kmKFRpwhNxGxAJnMVQVUxxuE0FkCjgcBN0z4f+TQ+EZEl8rfopNCPSjlnIKFFW8gtHlTt9b3zdiDKDT/HOha8Ds29vMHu40QOqu75mxuD9r1dozK5fKLoldwT8l3gTUkQTVPzCR6OV0CyCWFFOpKx7bqqamgjFKAeTb2QSUkK7pA11S2MSgWzq0X4Gb1ulhcNE2BMrPFK/d2gSSdmPAlsZEdWRv72h+J9Xz1R40tQsTjMFMR0PCjOOVYKHYeEWE0AV71tCqGD2r5h2iCBU2UjzNgTv98p/Se2g5Lkl7+qwWD6bxJFDm2gL7SAPHaMyukQVVEUUPaAn9IJenUfn2Xlz3selU86kZwP9gDP4BHZzop0=</latexit><latexit sha1_base64="nJ+bv7PN8utekeLNx3aCvXI4ylQ=">AAACH3icbVDLSgMxFM34rPVVdekmWAQFLTMi6kYoiuCygq1CW4dMeqcNzTxMMoUS8idu/BU3LhQRd/0b0wfi60DCyTn3cnNPkHImlesOnKnpmdm5+dxCfnFpeWW1sLZek0kmKFRpwhNxGxAJnMVQVUxxuE0FkCjgcBN0z4f+TQ+EZEl8rfopNCPSjlnIKFFW8gtHlTt9b3zdiDKDT/HOha8Ds29vMHu40QOqu75mxuD9r1dozK5fKLoldwT8l3gTUkQTVPzCR6OV0CyCWFFOpKx7bqqamgjFKAeTb2QSUkK7pA11S2MSgWzq0X4Gb1ulhcNE2BMrPFK/d2gSSdmPAlsZEdWRv72h+J9Xz1R40tQsTjMFMR0PCjOOVYKHYeEWE0AV71tCqGD2r5h2iCBU2UjzNgTv98p/Se2g5Lkl7+qwWD6bxJFDm2gL7SAPHaMyukQVVEUUPaAn9IJenUfn2Xlz3selU86kZwP9gDP4BHZzop0=</latexit><latexit sha1_base64="nJ+bv7PN8utekeLNx3aCvXI4ylQ=">AAACH3icbVDLSgMxFM34rPVVdekmWAQFLTMi6kYoiuCygq1CW4dMeqcNzTxMMoUS8idu/BU3LhQRd/0b0wfi60DCyTn3cnNPkHImlesOnKnpmdm5+dxCfnFpeWW1sLZek0kmKFRpwhNxGxAJnMVQVUxxuE0FkCjgcBN0z4f+TQ+EZEl8rfopNCPSjlnIKFFW8gtHlTt9b3zdiDKDT/HOha8Ds29vMHu40QOqu75mxuD9r1dozK5fKLoldwT8l3gTUkQTVPzCR6OV0CyCWFFOpKx7bqqamgjFKAeTb2QSUkK7pA11S2MSgWzq0X4Gb1ulhcNE2BMrPFK/d2gSSdmPAlsZEdWRv72h+J9Xz1R40tQsTjMFMR0PCjOOVYKHYeEWE0AV71tCqGD2r5h2iCBU2UjzNgTv98p/Se2g5Lkl7+qwWD6bxJFDm2gL7SAPHaMyukQVVEUUPaAn9IJenUfn2Xlz3selU86kZwP9gDP4BHZzop0=</latexit><latexit sha1_base64="nJ+bv7PN8utekeLNx3aCvXI4ylQ=">AAACH3icbVDLSgMxFM34rPVVdekmWAQFLTMi6kYoiuCygq1CW4dMeqcNzTxMMoUS8idu/BU3LhQRd/0b0wfi60DCyTn3cnNPkHImlesOnKnpmdm5+dxCfnFpeWW1sLZek0kmKFRpwhNxGxAJnMVQVUxxuE0FkCjgcBN0z4f+TQ+EZEl8rfopNCPSjlnIKFFW8gtHlTt9b3zdiDKDT/HOha8Ds29vMHu40QOqu75mxuD9r1dozK5fKLoldwT8l3gTUkQTVPzCR6OV0CyCWFFOpKx7bqqamgjFKAeTb2QSUkK7pA11S2MSgWzq0X4Gb1ulhcNE2BMrPFK/d2gSSdmPAlsZEdWRv72h+J9Xz1R40tQsTjMFMR0PCjOOVYKHYeEWE0AV71tCqGD2r5h2iCBU2UjzNgTv98p/Se2g5Lkl7+qwWD6bxJFDm2gL7SAPHaMyukQVVEUUPaAn9IJenUfn2Xlz3selU86kZwP9gDP4BHZzop0=</latexit>

P (p)
µ = (Ep, ~pf )

<latexit sha1_base64="YhUs8BxbntFBw/9he5TAIdekZKI=">AAACDXicbVDLSgMxFM3UV62vUZduglVoQcqMCLoRiiK4rGAf0KlDJs20oZmZkGQKJcwPuPFX3LhQxK17d/6N6WOhrQcuHM65l3vvCTijUjnOt5VbWl5ZXcuvFzY2t7Z37N29hkxSgUkdJywRrQBJwmhM6ooqRlpcEBQFjDSDwfXYbw6JkDSJ79WIk06EejENKUbKSL59VHvQJV7OfO1FaQYvYenG1zw7gd6QYM19HWZZ2beLTsWZAC4Sd0aKYIaab3953QSnEYkVZkjKtutw1dFIKIoZyQpeKglHeIB6pG1ojCIiO3ryTQaPjdKFYSJMxQpO1N8TGkVSjqLAdEZI9eW8Nxb/89qpCi86msY8VSTG00VhyqBK4Dga2KWCYMVGhiAsqLkV4j4SCCsTYMGE4M6/vEgapxXXqbh3Z8Xq1SyOPDgAh6AEXHAOquAW1EAdYPAInsEreLOerBfr3fqYtuas2cw++APr8wccJpr0</latexit><latexit sha1_base64="YhUs8BxbntFBw/9he5TAIdekZKI=">AAACDXicbVDLSgMxFM3UV62vUZduglVoQcqMCLoRiiK4rGAf0KlDJs20oZmZkGQKJcwPuPFX3LhQxK17d/6N6WOhrQcuHM65l3vvCTijUjnOt5VbWl5ZXcuvFzY2t7Z37N29hkxSgUkdJywRrQBJwmhM6ooqRlpcEBQFjDSDwfXYbw6JkDSJ79WIk06EejENKUbKSL59VHvQJV7OfO1FaQYvYenG1zw7gd6QYM19HWZZ2beLTsWZAC4Sd0aKYIaab3953QSnEYkVZkjKtutw1dFIKIoZyQpeKglHeIB6pG1ojCIiO3ryTQaPjdKFYSJMxQpO1N8TGkVSjqLAdEZI9eW8Nxb/89qpCi86msY8VSTG00VhyqBK4Dga2KWCYMVGhiAsqLkV4j4SCCsTYMGE4M6/vEgapxXXqbh3Z8Xq1SyOPDgAh6AEXHAOquAW1EAdYPAInsEreLOerBfr3fqYtuas2cw++APr8wccJpr0</latexit><latexit sha1_base64="YhUs8BxbntFBw/9he5TAIdekZKI=">AAACDXicbVDLSgMxFM3UV62vUZduglVoQcqMCLoRiiK4rGAf0KlDJs20oZmZkGQKJcwPuPFX3LhQxK17d/6N6WOhrQcuHM65l3vvCTijUjnOt5VbWl5ZXcuvFzY2t7Z37N29hkxSgUkdJywRrQBJwmhM6ooqRlpcEBQFjDSDwfXYbw6JkDSJ79WIk06EejENKUbKSL59VHvQJV7OfO1FaQYvYenG1zw7gd6QYM19HWZZ2beLTsWZAC4Sd0aKYIaab3953QSnEYkVZkjKtutw1dFIKIoZyQpeKglHeIB6pG1ojCIiO3ryTQaPjdKFYSJMxQpO1N8TGkVSjqLAdEZI9eW8Nxb/89qpCi86msY8VSTG00VhyqBK4Dga2KWCYMVGhiAsqLkV4j4SCCsTYMGE4M6/vEgapxXXqbh3Z8Xq1SyOPDgAh6AEXHAOquAW1EAdYPAInsEreLOerBfr3fqYtuas2cw++APr8wccJpr0</latexit><latexit sha1_base64="YhUs8BxbntFBw/9he5TAIdekZKI=">AAACDXicbVDLSgMxFM3UV62vUZduglVoQcqMCLoRiiK4rGAf0KlDJs20oZmZkGQKJcwPuPFX3LhQxK17d/6N6WOhrQcuHM65l3vvCTijUjnOt5VbWl5ZXcuvFzY2t7Z37N29hkxSgUkdJywRrQBJwmhM6ooqRlpcEBQFjDSDwfXYbw6JkDSJ79WIk06EejENKUbKSL59VHvQJV7OfO1FaQYvYenG1zw7gd6QYM19HWZZ2beLTsWZAC4Sd0aKYIaab3953QSnEYkVZkjKtutw1dFIKIoZyQpeKglHeIB6pG1ojCIiO3ryTQaPjdKFYSJMxQpO1N8TGkVSjqLAdEZI9eW8Nxb/89qpCi86msY8VSTG00VhyqBK4Dga2KWCYMVGhiAsqLkV4j4SCCsTYMGE4M6/vEgapxXXqbh3Z8Xq1SyOPDgAh6AEXHAOquAW1EAdYPAInsEreLOerBfr3fqYtuas2cw++APr8wccJpr0</latexit>

P (n)
µ = (En, ~pmiss)

<latexit sha1_base64="aA1Njb8aiDMSKzGyuXDZJXukJpM=">AAACEHicbVDLSgMxFM3UV62vUZdugkVsQcqMCLoRiiK4rGAf0BmHTJq2oUlmSDKFMswnuPFX3LhQxK1Ld/6N6WOhrQcuHM65l3vvCWNGlXacbyu3tLyyupZfL2xsbm3v2Lt7DRUlEpM6jlgkWyFShFFB6ppqRlqxJIiHjDTDwfXYbw6JVDQS93oUE5+jnqBdipE2UmAf1x7SkihnQerxJIOXsHQTpCI7gd6Q4DQ2OqdKZeXALjoVZwK4SNwZKYIZaoH95XUinHAiNGZIqbbrxNpPkdQUM5IVvESRGOEB6pG2oQJxovx08lAGj4zSgd1ImhIaTtTfEyniSo14aDo50n01743F/7x2orsXfkpFnGgi8HRRN2FQR3CcDuxQSbBmI0MQltTcCnEfSYS1ybBgQnDnX14kjdOK61Tcu7Ni9WoWRx4cgENQAi44B1VwC2qgDjB4BM/gFbxZT9aL9W59TFtz1mxmH/yB9fkDtPOcZA==</latexit><latexit sha1_base64="aA1Njb8aiDMSKzGyuXDZJXukJpM=">AAACEHicbVDLSgMxFM3UV62vUZdugkVsQcqMCLoRiiK4rGAf0BmHTJq2oUlmSDKFMswnuPFX3LhQxK1Ld/6N6WOhrQcuHM65l3vvCWNGlXacbyu3tLyyupZfL2xsbm3v2Lt7DRUlEpM6jlgkWyFShFFB6ppqRlqxJIiHjDTDwfXYbw6JVDQS93oUE5+jnqBdipE2UmAf1x7SkihnQerxJIOXsHQTpCI7gd6Q4DQ2OqdKZeXALjoVZwK4SNwZKYIZaoH95XUinHAiNGZIqbbrxNpPkdQUM5IVvESRGOEB6pG2oQJxovx08lAGj4zSgd1ImhIaTtTfEyniSo14aDo50n01743F/7x2orsXfkpFnGgi8HRRN2FQR3CcDuxQSbBmI0MQltTcCnEfSYS1ybBgQnDnX14kjdOK61Tcu7Ni9WoWRx4cgENQAi44B1VwC2qgDjB4BM/gFbxZT9aL9W59TFtz1mxmH/yB9fkDtPOcZA==</latexit><latexit sha1_base64="aA1Njb8aiDMSKzGyuXDZJXukJpM=">AAACEHicbVDLSgMxFM3UV62vUZdugkVsQcqMCLoRiiK4rGAf0BmHTJq2oUlmSDKFMswnuPFX3LhQxK1Ld/6N6WOhrQcuHM65l3vvCWNGlXacbyu3tLyyupZfL2xsbm3v2Lt7DRUlEpM6jlgkWyFShFFB6ppqRlqxJIiHjDTDwfXYbw6JVDQS93oUE5+jnqBdipE2UmAf1x7SkihnQerxJIOXsHQTpCI7gd6Q4DQ2OqdKZeXALjoVZwK4SNwZKYIZaoH95XUinHAiNGZIqbbrxNpPkdQUM5IVvESRGOEB6pG2oQJxovx08lAGj4zSgd1ImhIaTtTfEyniSo14aDo50n01743F/7x2orsXfkpFnGgi8HRRN2FQR3CcDuxQSbBmI0MQltTcCnEfSYS1ybBgQnDnX14kjdOK61Tcu7Ni9WoWRx4cgENQAi44B1VwC2qgDjB4BM/gFbxZT9aL9W59TFtz1mxmH/yB9fkDtPOcZA==</latexit><latexit sha1_base64="aA1Njb8aiDMSKzGyuXDZJXukJpM=">AAACEHicbVDLSgMxFM3UV62vUZdugkVsQcqMCLoRiiK4rGAf0BmHTJq2oUlmSDKFMswnuPFX3LhQxK1Ld/6N6WOhrQcuHM65l3vvCWNGlXacbyu3tLyyupZfL2xsbm3v2Lt7DRUlEpM6jlgkWyFShFFB6ppqRlqxJIiHjDTDwfXYbw6JVDQS93oUE5+jnqBdipE2UmAf1x7SkihnQerxJIOXsHQTpCI7gd6Q4DQ2OqdKZeXALjoVZwK4SNwZKYIZaoH95XUinHAiNGZIqbbrxNpPkdQUM5IVvESRGOEB6pG2oQJxovx08lAGj4zSgd1ImhIaTtTfEyniSo14aDo50n01743F/7x2orsXfkpFnGgi8HRRN2FQR3CcDuxQSbBmI0MQltTcCnEfSYS1ybBgQnDnX14kjdOK61Tcu7Ni9WoWRx4cgENQAi44B1VwC2qgDjB4BM/gFbxZT9aL9W59TFtz1mxmH/yB9fkDtPOcZA==</latexit>

~q ⌘ ~ki � ~kf = ~pf + ~pmiss

q = pf cos(✓pq) + pmiss cos(✓nq)

pmiss =
|~ki � ~kf |� pf cos(✓pq)

cos(✓nq)
<latexit sha1_base64="gLEaMVoJheNBAPZeDkqugiVwy/4="></latexit><latexit sha1_base64="gLEaMVoJheNBAPZeDkqugiVwy/4="></latexit><latexit sha1_base64="gLEaMVoJheNBAPZeDkqugiVwy/4="></latexit><latexit sha1_base64="gLEaMVoJheNBAPZeDkqugiVwy/4="></latexit>

“At D(e,e’p)n 80 MeV setting, 
any variation in the electron or proton  
momentum will have a large impact on 

the missing momentum as the electron or  
proton momentum are > 1 GeV/c ”



E12-10-003: Original Kinematics

Minimum Charge Requirements MET: 
                           Pm = 580 MeV/c      Pm = 750 MeV/c 
Min Charge:      2880 mC                   6048 mC 
Obtained:          5049 mC                   7865 mC



RUN
SHMS 

Momentu
m 

[GeV]

SHMS 
Angle 
[deg]

HMS 
Momentum 

[GeV]

HMS Angle 
[deg]

SHMS Delta 
Range [%]

HMS Delta 
Range [%]

3288 -8.7 12.194 2.938 37.338 (-6, 2) (-12,10)

3371 -8.7 13.93 3.480 33.545 (-12, 4) (-12,10)

3374 -8.7 9.928 2.31 42.9 (3, 8) (-12,10)

3377 -8.7 8.495 1.8899 47.605 (8, 12) (-12,10)

H(e,e’p) Elastics Kinematics Used 
In Optimization Procedure



HMS Checks:

Pcalc(Eb, ✓p) =
2MpEb(Eb +Mp) cos(✓p)

M2
p + 2MpEb + E2

b sin
2(✓p)

<latexit sha1_base64="JG3/PpOl/S0shtsuHA9Rz9XGNMw="></latexit><latexit sha1_base64="JG3/PpOl/S0shtsuHA9Rz9XGNMw="></latexit><latexit sha1_base64="JG3/PpOl/S0shtsuHA9Rz9XGNMw="></latexit><latexit sha1_base64="JG3/PpOl/S0shtsuHA9Rz9XGNMw="></latexit>

Pfr(Eb, ✓p, Pmeas) ⌘
Pcalc(Eb, ✓p)� Pmeas

Pmeas
<latexit sha1_base64="dp/36Sz8pSDdwEkZcUhvBUJTdVE="></latexit><latexit sha1_base64="dp/36Sz8pSDdwEkZcUhvBUJTdVE="></latexit><latexit sha1_base64="dp/36Sz8pSDdwEkZcUhvBUJTdVE="></latexit><latexit sha1_base64="dp/36Sz8pSDdwEkZcUhvBUJTdVE="></latexit>

HMS Momentum is below Dipole Saturation (< ~ 4.2 GeV) 

Formula is ONLY valid for H(e, e’p) kinematics

Assume Beam Energy and HMS Angle are well known.

“Fractional Momentum”

Is there any correlation between delta and focal plane quantities?
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HMS Fractional Momentum vs. Focal Plane 

Run: 3288 Run: 3371

Run: 3374 Run: 3377

Is there any correlation between delta and focal plane quantities?   
NO CORRELATIONS OBSERVED !

Xfp X’fp

Yfp Y’fp
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Entries  134603
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Sigma     0.00005± 0.01149 
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Entries  19248
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Run 3371: HMS Momentum Difference

0.1− 0.08− 0.06− 0.04− 0.02− 0 0.02 0.04 0.06 0.08 0.1
] [GeV]meas - P

calc
HMS [P

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

Run 3374: HMS Momentum Difference
data_pDiff_Run3374

Entries  136211
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Sigma     0.00005± 0.01035 

Run 3374: HMS Momentum Difference

0.1− 0.08− 0.06− 0.04− 0.02− 0 0.02 0.04 0.06 0.08 0.1
] [GeV]meas - P

calc
HMS [P

0

2000

4000

6000

8000

10000

12000

14000

16000

18000
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Mean      0.000027±0.001223 − 
Sigma     0.00003± 0.00999 

Run 3377: HMS Momentum Difference

0.1− 0.08− 0.06− 0.04− 0.02− 0 0.02 0.04 0.06 0.08 0.1
] [GeV]meas - P

calc
HMS [P

0

10

20

30

40

50

60

70

Run 3288: HMS Momentum Difference
hP_Dev_Run3288

Entries  33535
Mean   0.001977
Std Dev    0.01428

 / ndf 2χ   86.8 / 26
Constant  0.50± 65.52 
Mean      0.000082± 0.001988 
Sigma     0.0001± 0.0127 

Run 3288: HMS Momentum Difference

0.1− 0.08− 0.06− 0.04− 0.02− 0 0.02 0.04 0.06 0.08 0.1
] [GeV]meas - P

calc
HMS [P

0

2

4

6

8

10

12

14

16

18

Run 3371: HMS Momentum Difference
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Mean      0.000075± 0.002146 
Sigma     0.00007± 0.01128 

Run 3377: HMS Momentum Difference

HMS Fractional Momentum DATA/SIMC

DATA: 
fractional momentum 

is OFFSET!

SIMC: 
fractional momentum 

is OK!



HMS Central Momentum Correction

3288 3371

3374

3377



SHMS Checks:
Is there any correlation between delta and focal plane quantities?

Formula assumes HMS momentum is understood.

E(e)
calc ⇠ P (e)

calc = Eb +Mp � E(p)
meas,

E(p)
meas =

q
M2

p + P (p)
meas

<latexit sha1_base64="lxbjIBP0OLjn1dBDj+bWFula88s="></latexit><latexit sha1_base64="lxbjIBP0OLjn1dBDj+bWFula88s="></latexit><latexit sha1_base64="lxbjIBP0OLjn1dBDj+bWFula88s="></latexit><latexit sha1_base64="lxbjIBP0OLjn1dBDj+bWFula88s="></latexit>

Calculated  
electron momentum

Measured 
proton momentum 

(in HMS)
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Is there any correlation between delta and focal plane quantities?   
CORRELATIONS OBSERVED !



Optimize the SHMS Delta Component

Fit the calculated/measured delta difference vs. focal plane

Observed correlations indicate delta reconstruction is NOT optimized. 

Reconstructed events at the target are smeared out resulting in poor 
resolution of Missing Energy, Invariant Mass W, etc.

�� = �calc � �meas = D0 +D1xfp +D2x
0
fp+

D3yfp +D4y
0
fp + f(O2)

<latexit sha1_base64="bRF+54LEnoh5HUcJ2HeDh4gJp2w="></latexit><latexit sha1_base64="bRF+54LEnoh5HUcJ2HeDh4gJp2w="></latexit><latexit sha1_base64="bRF+54LEnoh5HUcJ2HeDh4gJp2w="></latexit><latexit sha1_base64="bRF+54LEnoh5HUcJ2HeDh4gJp2w="></latexit>

Di : matrix coe�cients to be minimized
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Update optics matrix file with new coefficients.
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NO CORRELATIONS OBSERVED !

Optimized SHMS Delta Matrix



Results of HMS/SHMS Momentum Corrections
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Entries  295046
Mean   0.01568
Std Dev    0.02479
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Run 3288: Missing Energy Spectrum
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Run 3288: H(e,e')p  Invariant Mass W

Results of HMS/SHMS Momentum Corrections
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SIMC/DATA Comparison 
BEFORE HMS/SHMS Optimization
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SIMC/DATA Comparison 
AFTER HMS/SHMS Optimization



Summary
   H(e,e’p) Analysis for E12-10-003 ALMOST completed !

   HMS Momentum for D2 kinematics is understood.

   SHMS Momentum for D2 kinematics is understood.

   SHMS Delta component of optics has been optimized

SIMC/DATA Yields is currently being studied. 
(See BackUp Slides)



Thank You! 
 

Questions?



Backup Slides



SIMC Weighted Yield Calculation:

Full Weight =
Nnorm ⇤ �weight ⇤Qcharge ⇤ ✏(e)trk ⇤ ✏(h)trk ⇤ L.T.

entries
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Y Corr = Y Uncorr ⇤ FullWeight
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Weighted SIMC/DATA Comparison
Why is SIMC yield much larger than DATA yield for the bottom two runs?
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Weighted SIMC/DATA Comparison: CUTS APPLIED,  
Missing Energy < 40 MeV
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Weighted SIMC/DATA Comparison: CUTS APPLIED,  
HMS Delta (-8,8)%
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