
  3 for          momentum

  3 for decay vertex

  2 for decay angles in         rest frame

<latexit sha1_base64="kBctjXArW1y37NGhEyedTxqgiOM="></latexit>

�2(p,q) =
X✓

residual(p,q)

error

◆2

Millepede minimizes                                                                    to obtain optimized alignment parameters    , using                                .

<latexit sha1_base64="uUz+QvWwadANaYcWKocjsISK0Ug="></latexit>

@residual(p,q)

@(p,q)
<latexit sha1_base64="2eeus5GUoWDZ7geTs6oUElDFJ50=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgET2E3iHoMevEYwTwgWcLspDcZMvtgplcMy3rxV7x4UMSrf+HNv3GS7EETCxqKqu7p6fJiKTTa9re1tLyyurZe2Chubm3v7Jb29ps6ShSHBo9kpNoe0yBFCA0UKKEdK2CBJ6Hlja4nfuselBZReIfjGNyADULhC87QSL3SYdqdPpIq6Ge0i/CAnp/GWdYrle2KPQVdJE5OyiRHvVf66vYjngQQIpdM645jx+imTKHgErJiN9EQMz5iA+gYGrIAtJtOl2f0xCh96kfKVIh0qv6eSFmg9TjwTGfAcKjnvYn4n9dJ0L90UxHGCULIZ4v8RFKM6CQO2hcKOMqxIYwrYf5K+ZApxtGEVjQhOPMnL5JmteKcV6q3Z+XaVR5HgRyRY3JKHHJBauSG1EmDcPJInskrebOerBfr3fqYtS5Z+cwB+QPr8we8Wpe5</latexit>p

 Alignment using                            events 
<latexit sha1_base64="ua+vtc/fRAYiCIi+1rbJgAkcbyU=">AAACBHicdZDLSgMxFIYz9VbrbdRlN8EiCOIwLe1Yd0U3gpuK9gKdccikaRuauZBklDJ04cZXceNCEbc+hDvfxkxbiooeSPj5/nNIzu9FjAppmp9aZmFxaXklu5pbW9/Y3NK3d5oijDkmDRyykLc9JAijAWlIKhlpR5wg32Ok5Q3PUr91S7igYXAtRxFxfNQPaI9iJBVy9Xxy4V7ZnPYHEnEe3kE7ojeH6XU0dvWCaZxYVqlcgUXDnBRUpGpZlfKcFMCs6q7+YXdDHPskkJghITpFM5JOgrikmJFxzo4FiRAeoj7pKBkgnwgnmSwxhvuKdGEv5OoEEk7o94kE+UKMfE91+kgOxG8vhX95nVj2qk5CgyiWJMDTh3oxgzKEaSKwSznBko2UQJhT9VeIB4gjLFVuORXCfPf/RbNkFC2jdFku1E5ncWRBHuyBA1AEx6AGzkEdNAAG9+ARPIMX7UF70l61t2lrRpvN7IIfpb1/AdosmD8=</latexit>

KS ! ⇡+⇡�

alignment parameters track parameters

For the original alignment, track parameters have 5 components to represent a single track.

New parametrization uses 8 parameters to represent a                           event.
<latexit sha1_base64="elqCgmmh5T6/lYzfVcIQXHoY/K0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBosgiCUpoi6LbgQ3Fe0Dmhgm00k7dDIJMxOlhC7c+CtuXCji1o9w5984abPQ1gP3cjjnXmbu8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7w4vMb98TIWnEb9UoJm6I+pwGFCOlJc8sp1fejSNof6CQENEDdGJ6d5i1o7FnVqyqNQGcJ3ZOKiBHwzO/nF6Ek5BwhRmSsmtbsXJTJBTFjIxLTiJJjPAQ9UlXU45CIt10csQY7mulB4NI6OIKTtTfGykKpRyFvp4MkRrIWS8T//O6iQrO3JTyOFGE4+lDQcKgimCWCOxRQbBiI00QFlT/FeIBEggrnVtJh2DPnjxPWrWqfVKtXR9X6ud5HEVQBnvgANjgFNTBJWiAJsDgETyDV/BmPBkvxrvxMR0tGPnOLvgD4/MHc3yX+A==</latexit>

KS ! ⇡+⇡�

<latexit sha1_base64="l/PRuGsPiIL3x672ZQNHsx3KbVU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BL4KXSMwDkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWqt/36r1iyS27c5BV4mWkBBlqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasJrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukWSl7l+XKw0WpepPFkYcTOIVz8OAKqnAHNWgAgwE8wyu8OcJ5cd6dj0VrzslmjuEPnM8f/OWNnA==</latexit>

KS

<latexit sha1_base64="l/PRuGsPiIL3x672ZQNHsx3KbVU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BL4KXSMwDkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWqt/36r1iyS27c5BV4mWkBBlqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasJrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukWSl7l+XKw0WpepPFkYcTOIVz8OAKqnAHNWgAgwE8wyu8OcJ5cd6dj0VrzslmjuEPnM8f/OWNnA==</latexit>

KS

<latexit sha1_base64="ZM3CxOI9WTR2si1tLOa24I6134U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmKqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+cS1EYl6wFHKg5j2lYgEo2glv5OKx/NuqexW3BnIMvFyUoYc9W7pq9NLWBZzhUxSY9qem2IwphoFk3xS7GSGp5QNaZ+3LVU05iYYz46dkFOr9EiUaFsKyUz9PTGmsTGjOLSdMcWBWfSm4n9eO8PoOhgLlWbIFZsvijJJMCHTz0lPaM5QjiyhTAt7K2EDqilDm0/RhuAtvrxMGtWKd1mp3l+Uazd5HAU4hhM4Aw+uoAZ3UAcfGAh4hld4c5Tz4rw7H/PWFSefOYI/cD5/AG5UjnE=</latexit>

⇡+

<latexit sha1_base64="XDaRT8tvMtcqGTh+FYT9Pk5CyUE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRF1GPRi8cKpi20sWy2m3bpZhN2J0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYMEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bD26nffOLaiEQ94CjlQUz7SkSCUbSS30nF43m3VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0HYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6xU7y/KtZs8jgIcwwmcgQdXUIM7qIMPDAQ8wyu8Ocp5cd6dj3nripPPHMEfOJ8/cVyOcw==</latexit>

⇡�

<latexit sha1_base64="sVLDDQygeOVhwq6OO1NeXkxjwHI=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ytLpoNK1a25M6Bl4hWkCgWag8pXP5QkjakwhGOte56bGD/DyjDC6bTcTzVNMBnjIe1ZKnBMtZ/NUk/RqVVCFElljzBopv7eyHCs82h2MsZmpBe9XPzP66UmuvIzJpLUUEHmD0UpR0aivAIUMkWJ4RNLMFHMZkVkhBUmxhZVtiV4i19eJu16zbuo1e/Oq43roo4SHMMJnIEHl9CAW2hCCwgoeIZXeHOenBfn3fmYj644xc4R/IHz+QNJbpMI</latexit>p
<latexit sha1_base64="IS5T9OvHEWxsOs0UejSryBsae/I=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ae0Y8lk0jY0kwxJplKG/ocbF4q49V/c+Tdm2llo64GQwzn3kpMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxbea3J1RpJsWDmcbUj/BQsAEj2FjpsRdIHuppZK90MuuXK27VnQOtEi8nFcjR6Je/eqEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10nnqGzqwSooFU9giD5urvjRRHOotmJyNsRnrZy8T/vG5iBtd+ykScGCrI4qFBwpGRKKsAhUxRYvjUEkwUs1kRGWGFibFFlWwJ3vKXV0mrVvUuq7X7i0r9Jq+jCCdwCufgwRXU4Q4a0AQCCp7hFd6cJ+fFeXc+FqMFJ985hj9wPn8AUoyTDg==</latexit>v

<latexit sha1_base64="3yJihmNuGF5YIw5kEINZbtyt4Vo=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBahgpSkiHosevFYwX5AE8tmu2mWbjZhd6KU0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+YngGmz72yqsrK6tbxQ3S1vbO7t75f2Dto5TRVmLxiJWXZ9oJrhkLeAgWDdRjES+YB1/dDP1O49MaR7LexgnzIvIUPKAUwJGeqi6EDIgZ9hNQn7aL1fsmj0DXiZOTiooR7Nf/nIHMU0jJoEKonXPsRPwMqKAU8EmJTfVLCF0RIasZ6gkEdNeNrt6gk+MMsBBrExJwDP190RGIq3HkW86IwKhXvSm4n9eL4Xgysu4TFJgks4XBanAEONpBHjAFaMgxoYQqri5FdOQKELBBFUyITiLLy+Tdr3mXNTqd+eVxnUeRxEdoWNURQ66RA10i5qohShS6Bm9ojfryXqx3q2PeWvBymcO0R9Ynz9G45G5</latexit>

(✓,�)

By using this parametrization, we can automatically leverage 
the information of         mass and common vertex.

<latexit sha1_base64="l/PRuGsPiIL3x672ZQNHsx3KbVU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BL4KXSMwDkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWqt/36r1iyS27c5BV4mWkBBlqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasJrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukWSl7l+XKw0WpepPFkYcTOIVz8OAKqnAHNWgAgwE8wyu8OcJ5cd6dj0VrzslmjuEPnM8f/OWNnA==</latexit>

KS

<latexit sha1_base64="l/PRuGsPiIL3x672ZQNHsx3KbVU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BL4KXSMwDkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWqt/36r1iyS27c5BV4mWkBBlqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasJrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukWSl7l+XKw0WpepPFkYcTOIVz8OAKqnAHNWgAgwE8wyu8OcJ5cd6dj0VrzslmjuEPnM8f/OWNnA==</latexit>

KS



FDC alignment ( t0 fixed )



FDC alignment ( t0 variable )



FDC alignment ( t0 variable )   [continued]
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