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Positron emission tomography
What

• PET scans shows the metabolic activity in an organ or tissue.

• High metabolism areas appear as bright spot.

• Used to detect and monitor cancer, central nervous system disorders 

(Alzheimer, Parkinson, epilepsy…) and cardiovascular diseases (i.e., revealing 
decrease of blood flow).
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• Glucose analogue doped with β-emitter radioactive isotope.

• Positron annihilation produces two 511-keV gammas almost back-to-back.

• Gammas are detected by a ring of scintillators.

• A line of response (LOR) is identified through time coincidence of two detectors.

• Image is reconstructed crossing many LORs.

Positron emission tomography
How
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Time of Flight
Constraining the emission point

 t1/t2 = time in which gamma1/gamma2 interacts

Emission point  
of gammas

Center of  
the LOR

ti =
dgi
c

<latexit sha1_base64="oyUD3SRNAPWKbHEjNf14INNCYl0=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigm6EohuXFewD2hgmk0k7dDIJMxOhhODGX3HjQhG3foU7/8bpY6GtBy4czrmXe+8JUs6Udpxvq7S0vLK6Vl6vbGxube/Yu3stlWSS0CZJeCI7AVaUM0GbmmlOO6mkOA44bQfD67HffqBSsUTc6VFKvRj3BYsYwdpIvn2gfYYuUS+SmOShn7PiPu8XRU4K3646NWcCtEjcGanCDA3f/uqFCcliKjThWKmu66Tay7HUjHBaVHqZoikmQ9ynXUMFjqny8skLBTo2SoiiRJoSGk3U3xM5jpUaxYHpjLEeqHlvLP7ndTMdXXg5E2mmqSDTRVHGkU7QOA8UMkmJ5iNDMJHM3IrIAJs0tEmtYkJw519eJK3TmuvU3Nuzav1qFkcZDuEITsCFc6jDDTSgCQQe4Rle4c16sl6sd+tj2lqyZjP78AfW5w+OTZeK</latexit><latexit sha1_base64="oyUD3SRNAPWKbHEjNf14INNCYl0=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigm6EohuXFewD2hgmk0k7dDIJMxOhhODGX3HjQhG3foU7/8bpY6GtBy4czrmXe+8JUs6Udpxvq7S0vLK6Vl6vbGxube/Yu3stlWSS0CZJeCI7AVaUM0GbmmlOO6mkOA44bQfD67HffqBSsUTc6VFKvRj3BYsYwdpIvn2gfYYuUS+SmOShn7PiPu8XRU4K3646NWcCtEjcGanCDA3f/uqFCcliKjThWKmu66Tay7HUjHBaVHqZoikmQ9ynXUMFjqny8skLBTo2SoiiRJoSGk3U3xM5jpUaxYHpjLEeqHlvLP7ndTMdXXg5E2mmqSDTRVHGkU7QOA8UMkmJ5iNDMJHM3IrIAJs0tEmtYkJw519eJK3TmuvU3Nuzav1qFkcZDuEITsCFc6jDDTSgCQQe4Rle4c16sl6sd+tj2lqyZjP78AfW5w+OTZeK</latexit><latexit sha1_base64="oyUD3SRNAPWKbHEjNf14INNCYl0=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigm6EohuXFewD2hgmk0k7dDIJMxOhhODGX3HjQhG3foU7/8bpY6GtBy4czrmXe+8JUs6Udpxvq7S0vLK6Vl6vbGxube/Yu3stlWSS0CZJeCI7AVaUM0GbmmlOO6mkOA44bQfD67HffqBSsUTc6VFKvRj3BYsYwdpIvn2gfYYuUS+SmOShn7PiPu8XRU4K3646NWcCtEjcGanCDA3f/uqFCcliKjThWKmu66Tay7HUjHBaVHqZoikmQ9ynXUMFjqny8skLBTo2SoiiRJoSGk3U3xM5jpUaxYHpjLEeqHlvLP7ndTMdXXg5E2mmqSDTRVHGkU7QOA8UMkmJ5iNDMJHM3IrIAJs0tEmtYkJw519eJK3TmuvU3Nuzav1qFkcZDuEITsCFc6jDDTSgCQQe4Rle4c16sl6sd+tj2lqyZjP78AfW5w+OTZeK</latexit><latexit sha1_base64="oyUD3SRNAPWKbHEjNf14INNCYl0=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigm6EohuXFewD2hgmk0k7dDIJMxOhhODGX3HjQhG3foU7/8bpY6GtBy4czrmXe+8JUs6Udpxvq7S0vLK6Vl6vbGxube/Yu3stlWSS0CZJeCI7AVaUM0GbmmlOO6mkOA44bQfD67HffqBSsUTc6VFKvRj3BYsYwdpIvn2gfYYuUS+SmOShn7PiPu8XRU4K3646NWcCtEjcGanCDA3f/uqFCcliKjThWKmu66Tay7HUjHBaVHqZoikmQ9ynXUMFjqny8skLBTo2SoiiRJoSGk3U3xM5jpUaxYHpjLEeqHlvLP7ndTMdXXg5E2mmqSDTRVHGkU7QOA8UMkmJ5iNDMJHM3IrIAJs0tEmtYkJw519eJK3TmuvU3Nuzav1qFkcZDuEITsCFc6jDDTSgCQQe4Rle4c16sl6sd+tj2lqyZjP78AfW5w+OTZeK</latexit>

dg1
<latexit sha1_base64="ahGRFQjlOVhmZi84GbxzixglCBo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ie0sWw2m3bp7ibsboQS8iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuZn53SeqNIvlvZkm1Bd4JFnECDZWegiHmZc/ZqN8WK25dXcOtEq8gtSgQGtY/RqEMUkFlYZwrHXfcxPjZ1gZRjjNK4NU0wSTCR7RvqUSC6r9bH5wjs6sEqIoVrakQXP190SGhdZTEdhOgc1YL3sz8T+vn5roys+YTFJDJVksilKOTIxm36OQKUoMn1qCiWL2VkTGWGFibEYVG4K3/PIq6VzUPbfu3V3WmtdFHGU4gVM4Bw8a0IRbaEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/8iqQfQ==</latexit><latexit sha1_base64="ahGRFQjlOVhmZi84GbxzixglCBo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ie0sWw2m3bp7ibsboQS8iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuZn53SeqNIvlvZkm1Bd4JFnECDZWegiHmZc/ZqN8WK25dXcOtEq8gtSgQGtY/RqEMUkFlYZwrHXfcxPjZ1gZRjjNK4NU0wSTCR7RvqUSC6r9bH5wjs6sEqIoVrakQXP190SGhdZTEdhOgc1YL3sz8T+vn5roys+YTFJDJVksilKOTIxm36OQKUoMn1qCiWL2VkTGWGFibEYVG4K3/PIq6VzUPbfu3V3WmtdFHGU4gVM4Bw8a0IRbaEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/8iqQfQ==</latexit><latexit sha1_base64="ahGRFQjlOVhmZi84GbxzixglCBo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ie0sWw2m3bp7ibsboQS8iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuZn53SeqNIvlvZkm1Bd4JFnECDZWegiHmZc/ZqN8WK25dXcOtEq8gtSgQGtY/RqEMUkFlYZwrHXfcxPjZ1gZRjjNK4NU0wSTCR7RvqUSC6r9bH5wjs6sEqIoVrakQXP190SGhdZTEdhOgc1YL3sz8T+vn5roys+YTFJDJVksilKOTIxm36OQKUoMn1qCiWL2VkTGWGFibEYVG4K3/PIq6VzUPbfu3V3WmtdFHGU4gVM4Bw8a0IRbaEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/8iqQfQ==</latexit><latexit sha1_base64="ahGRFQjlOVhmZi84GbxzixglCBo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ie0sWw2m3bp7ibsboQS8iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuZn53SeqNIvlvZkm1Bd4JFnECDZWegiHmZc/ZqN8WK25dXcOtEq8gtSgQGtY/RqEMUkFlYZwrHXfcxPjZ1gZRjjNK4NU0wSTCR7RvqUSC6r9bH5wjs6sEqIoVrakQXP190SGhdZTEdhOgc1YL3sz8T+vn5roys+YTFJDJVksilKOTIxm36OQKUoMn1qCiWL2VkTGWGFibEYVG4K3/PIq6VzUPbfu3V3WmtdFHGU4gVM4Bw8a0IRbaEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/8iqQfQ==</latexit>

dg2
<latexit sha1_base64="k6WBmpd/bYEmIUjtUxJNINQNlxI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ie0sWw2m3bp7ibsboQS8iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuZn53SeqNIvlvZkm1Bd4JFnECDZWegiHWSN/zEb5sFpz6+4caJV4BalBgdaw+jUIY5IKKg3hWOu+5ybGz7AyjHCaVwappgkmEzyifUslFlT72fzgHJ1ZJURRrGxJg+bq74kMC62nIrCdApuxXvZm4n9ePzXRlZ8xmaSGSrJYFKUcmRjNvkchU5QYPrUEE8XsrYiMscLE2IwqNgRv+eVV0mnUPbfu3V3UmtdFHGU4gVM4Bw8uoQm30II2EBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/APOzkH4=</latexit><latexit sha1_base64="k6WBmpd/bYEmIUjtUxJNINQNlxI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ie0sWw2m3bp7ibsboQS8iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuZn53SeqNIvlvZkm1Bd4JFnECDZWegiHWSN/zEb5sFpz6+4caJV4BalBgdaw+jUIY5IKKg3hWOu+5ybGz7AyjHCaVwappgkmEzyifUslFlT72fzgHJ1ZJURRrGxJg+bq74kMC62nIrCdApuxXvZm4n9ePzXRlZ8xmaSGSrJYFKUcmRjNvkchU5QYPrUEE8XsrYiMscLE2IwqNgRv+eVV0mnUPbfu3V3UmtdFHGU4gVM4Bw8uoQm30II2EBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/APOzkH4=</latexit><latexit sha1_base64="k6WBmpd/bYEmIUjtUxJNINQNlxI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ie0sWw2m3bp7ibsboQS8iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuZn53SeqNIvlvZkm1Bd4JFnECDZWegiHWSN/zEb5sFpz6+4caJV4BalBgdaw+jUIY5IKKg3hWOu+5ybGz7AyjHCaVwappgkmEzyifUslFlT72fzgHJ1ZJURRrGxJg+bq74kMC62nIrCdApuxXvZm4n9ePzXRlZ8xmaSGSrJYFKUcmRjNvkchU5QYPrUEE8XsrYiMscLE2IwqNgRv+eVV0mnUPbfu3V3UmtdFHGU4gVM4Bw8uoQm30II2EBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/APOzkH4=</latexit><latexit sha1_base64="k6WBmpd/bYEmIUjtUxJNINQNlxI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ie0sWw2m3bp7ibsboQS8iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuZn53SeqNIvlvZkm1Bd4JFnECDZWegiHWSN/zEb5sFpz6+4caJV4BalBgdaw+jUIY5IKKg3hWOu+5ybGz7AyjHCaVwappgkmEzyifUslFlT72fzgHJ1ZJURRrGxJg+bq74kMC62nIrCdApuxXvZm4n9ePzXRlZ8xmaSGSrJYFKUcmRjNvkchU5QYPrUEE8XsrYiMscLE2IwqNgRv+eVV0mnUPbfu3V3UmtdFHGU4gVM4Bw8uoQm30II2EBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/APOzkH4=</latexit>

t1 � t2 =
dg1
c

� dg2
c

<latexit sha1_base64="6vjm9vNpO51gv/QYMFrRt+Mr+H8=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3LQkRdCNUHTjsoJthTaGyWTSDp1cmDkRSshTuPFV3LhQxK24822cthG09YeBn++cw5nze4ngCizryygtLa+srpXXKxubW9s75u5eR8WppKxNYxHLW48oJnjE2sBBsNtEMhJ6gnW90eWk3r1nUvE4uoFxwpyQDCIecEpAI9esgWvjGga3gc9xP5CEZr5r3w3yjOaa/5DGjLhm1apbU+FFYxemigq1XPOz78c0DVkEVBCleraVgJMRCZwKllf6qWIJoSMyYD1tIxIy5WTTs3J8pImPg1jqFwGe0t8TGQmVGoee7gwJDNV8bQL/q/VSCM6cjEdJCiyis0VBKjDEeJIR9rlkFMRYG0Il13/FdEh0EqCTrOgQ7PmTF02nUbetun19Um1eFHGU0QE6RMfIRqeoia5QC7URRQ/oCb2gV+PReDbejPdZa8koZvbRHxkf35/5ndY=</latexit><latexit sha1_base64="6vjm9vNpO51gv/QYMFrRt+Mr+H8=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3LQkRdCNUHTjsoJthTaGyWTSDp1cmDkRSshTuPFV3LhQxK24822cthG09YeBn++cw5nze4ngCizryygtLa+srpXXKxubW9s75u5eR8WppKxNYxHLW48oJnjE2sBBsNtEMhJ6gnW90eWk3r1nUvE4uoFxwpyQDCIecEpAI9esgWvjGga3gc9xP5CEZr5r3w3yjOaa/5DGjLhm1apbU+FFYxemigq1XPOz78c0DVkEVBCleraVgJMRCZwKllf6qWIJoSMyYD1tIxIy5WTTs3J8pImPg1jqFwGe0t8TGQmVGoee7gwJDNV8bQL/q/VSCM6cjEdJCiyis0VBKjDEeJIR9rlkFMRYG0Il13/FdEh0EqCTrOgQ7PmTF02nUbetun19Um1eFHGU0QE6RMfIRqeoia5QC7URRQ/oCb2gV+PReDbejPdZa8koZvbRHxkf35/5ndY=</latexit><latexit sha1_base64="6vjm9vNpO51gv/QYMFrRt+Mr+H8=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3LQkRdCNUHTjsoJthTaGyWTSDp1cmDkRSshTuPFV3LhQxK24822cthG09YeBn++cw5nze4ngCizryygtLa+srpXXKxubW9s75u5eR8WppKxNYxHLW48oJnjE2sBBsNtEMhJ6gnW90eWk3r1nUvE4uoFxwpyQDCIecEpAI9esgWvjGga3gc9xP5CEZr5r3w3yjOaa/5DGjLhm1apbU+FFYxemigq1XPOz78c0DVkEVBCleraVgJMRCZwKllf6qWIJoSMyYD1tIxIy5WTTs3J8pImPg1jqFwGe0t8TGQmVGoee7gwJDNV8bQL/q/VSCM6cjEdJCiyis0VBKjDEeJIR9rlkFMRYG0Il13/FdEh0EqCTrOgQ7PmTF02nUbetun19Um1eFHGU0QE6RMfIRqeoia5QC7URRQ/oCb2gV+PReDbejPdZa8koZvbRHxkf35/5ndY=</latexit><latexit sha1_base64="6vjm9vNpO51gv/QYMFrRt+Mr+H8=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3LQkRdCNUHTjsoJthTaGyWTSDp1cmDkRSshTuPFV3LhQxK24822cthG09YeBn++cw5nze4ngCizryygtLa+srpXXKxubW9s75u5eR8WppKxNYxHLW48oJnjE2sBBsNtEMhJ6gnW90eWk3r1nUvE4uoFxwpyQDCIecEpAI9esgWvjGga3gc9xP5CEZr5r3w3yjOaa/5DGjLhm1apbU+FFYxemigq1XPOz78c0DVkEVBCleraVgJMRCZwKllf6qWIJoSMyYD1tIxIy5WTTs3J8pImPg1jqFwGe0t8TGQmVGoee7gwJDNV8bQL/q/VSCM6cjEdJCiyis0VBKjDEeJIR9rlkFMRYG0Il13/FdEh0EqCTrOgQ7PmTF02nUbetun19Um1eFHGU0QE6RMfIRqeoia5QC7URRQ/oCb2gV+PReDbejPdZa8koZvbRHxkf35/5ndY=</latexit>

t1 � t2 = �2
�

c
<latexit sha1_base64="9C9zXhvYkiYWLHdi0xaFzCOYl2U=">AAACCXicbVDLSgMxFM34rPU16tJNsAhuLDNF0I1Q1IXLCvYBnaFk0kwbmskMyR2hDLN146+4caGIW//AnX9j2s5CWw8k93DOvST3BIngGhzn21paXlldWy9tlDe3tnd27b39lo5TRVmTxiJWnYBoJrhkTeAgWCdRjESBYO1gdD3x2w9MaR7LexgnzI/IQPKQUwJG6tkYei4+NXcNX5paw16oCM28GyaA5BnNe3bFqTpT4EXiFqSCCjR69pfXj2kaMQlUEK27rpOAnxEFnAqWl71Us4TQERmwrqGSREz72XSTHB8bpY/DWJkjAU/V3xMZibQeR4HpjAgM9bw3Ef/zuimEF37GZZICk3T2UJgKDDGexIL7XDEKYmwIoYqbv2I6JCYKMOGVTQju/MqLpFWruk7VvTur1K+KOEroEB2hE+Sic1RHt6iBmoiiR/SMXtGb9WS9WO/Wx6x1ySpmDtAfWJ8/C1yYDg==</latexit><latexit sha1_base64="9C9zXhvYkiYWLHdi0xaFzCOYl2U=">AAACCXicbVDLSgMxFM34rPU16tJNsAhuLDNF0I1Q1IXLCvYBnaFk0kwbmskMyR2hDLN146+4caGIW//AnX9j2s5CWw8k93DOvST3BIngGhzn21paXlldWy9tlDe3tnd27b39lo5TRVmTxiJWnYBoJrhkTeAgWCdRjESBYO1gdD3x2w9MaR7LexgnzI/IQPKQUwJG6tkYei4+NXcNX5paw16oCM28GyaA5BnNe3bFqTpT4EXiFqSCCjR69pfXj2kaMQlUEK27rpOAnxEFnAqWl71Us4TQERmwrqGSREz72XSTHB8bpY/DWJkjAU/V3xMZibQeR4HpjAgM9bw3Ef/zuimEF37GZZICk3T2UJgKDDGexIL7XDEKYmwIoYqbv2I6JCYKMOGVTQju/MqLpFWruk7VvTur1K+KOEroEB2hE+Sic1RHt6iBmoiiR/SMXtGb9WS9WO/Wx6x1ySpmDtAfWJ8/C1yYDg==</latexit><latexit sha1_base64="9C9zXhvYkiYWLHdi0xaFzCOYl2U=">AAACCXicbVDLSgMxFM34rPU16tJNsAhuLDNF0I1Q1IXLCvYBnaFk0kwbmskMyR2hDLN146+4caGIW//AnX9j2s5CWw8k93DOvST3BIngGhzn21paXlldWy9tlDe3tnd27b39lo5TRVmTxiJWnYBoJrhkTeAgWCdRjESBYO1gdD3x2w9MaR7LexgnzI/IQPKQUwJG6tkYei4+NXcNX5paw16oCM28GyaA5BnNe3bFqTpT4EXiFqSCCjR69pfXj2kaMQlUEK27rpOAnxEFnAqWl71Us4TQERmwrqGSREz72XSTHB8bpY/DWJkjAU/V3xMZibQeR4HpjAgM9bw3Ef/zuimEF37GZZICk3T2UJgKDDGexIL7XDEKYmwIoYqbv2I6JCYKMOGVTQju/MqLpFWruk7VvTur1K+KOEroEB2hE+Sic1RHt6iBmoiiR/SMXtGb9WS9WO/Wx6x1ySpmDtAfWJ8/C1yYDg==</latexit><latexit sha1_base64="9C9zXhvYkiYWLHdi0xaFzCOYl2U=">AAACCXicbVDLSgMxFM34rPU16tJNsAhuLDNF0I1Q1IXLCvYBnaFk0kwbmskMyR2hDLN146+4caGIW//AnX9j2s5CWw8k93DOvST3BIngGhzn21paXlldWy9tlDe3tnd27b39lo5TRVmTxiJWnYBoJrhkTeAgWCdRjESBYO1gdD3x2w9MaR7LexgnzI/IQPKQUwJG6tkYei4+NXcNX5paw16oCM28GyaA5BnNe3bFqTpT4EXiFqSCCjR69pfXj2kaMQlUEK27rpOAnxEFnAqWl71Us4TQERmwrqGSREz72XSTHB8bpY/DWJkjAU/V3xMZibQeR4HpjAgM9bw3Ef/zuimEF37GZZICk3T2UJgKDDGexIL7XDEKYmwIoYqbv2I6JCYKMOGVTQju/MqLpFWruk7VvTur1K+KOEroEB2hE+Sic1RHt6iBmoiiR/SMXtGb9WS9WO/Wx6x1ySpmDtAfWJ8/C1yYDg==</latexit>

�
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Time of Flight

x

Timing resolution

• Time resolution: scintillation time, propagation of photons in the material, 
jitter of photosensors and electronics. 


• Noise is reduced.

• Results improve at low statistics or bad quality data.

• Sensitivity increases, exposure time and/or dosis can be reduced.

Image improvement
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• Liquid xenon as scintillation medium.

• High yield (~30k ph/511 keV), fast time (2 ns in the 

fast component).

• Transparent to its own scintillation light.

• One volume compared to thousands of modules 

(crystals).

The PETALO concept
LXe

SiPMs
• Fast response, high gain.

• Almost no dark count at cryogenic temperatures.

• Compatibility with magnetic fields (NMR).
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First prototype: PETit

• Aluminum box, CF-100 size.

• Port for calibration source, inserted in a carbon-fiber tube.

• 3 cm of liquid xenon in each side.

• Measure energy and time resolution.

SiPMs SiPMs
Na22 source
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First prototype: PETit
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First prototype: PETit
Photosensors

• Hamamatsu VUV-sensitive S15779, 6x6 mm2 area.

• 4 arrays of 4x4 SiPMs per side.

• Protection window made of VUV-transparent quartz.
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First prototype: PETit
Electronics

• 2 TOFPET2 asics from PETsys.

• Two thresholds: low for timestamp, high for charge 

integration.

• Fast time and high rate applications.

Internal feedthrough

External feedthrough
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Measurements
First run
• Only energy measurements, with a Na22 source.

• Pyrex panels to absorb VUV light for better reconstruction of position.
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• Very low level of charge per SiPM using the integration mode of TOFPET, 
very bad charge resolution.


• Tried Time Over Threshold (TOT) mode and convert to charge using Monte 
Carlo and assuming the shaping introduced by TOFPET.


• Poor resolution.

First run
Measurements
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Measurements
Second run
• Try to maximize light collection.

• Reduce Depth of Interaction to measure the intrinsic Time of Flight.

• Teflon block to fill all xenon volume except for 5mm-deep holes in front of 

SiPMs.

• The light produced in each gamma interaction is collected mostly by the 

sensor in front.
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Measurements
Energy resolution
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Measurements
Energy resolution

• Intrinsic resolution in LXe @511keV should be 
14% FWHM (but much larger volume).  


• Can teflon affect recombination?

• Difference between planes (SiPM degradation?).

[K.Ni, et al,  JINST, vol. 1, p. P09004, 2006]
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Energy resolution
Second run

• Different resolutions (due to SiPM arrays? ASICs?).
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Measurements
Time resolution
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• Shift from zero, probably due to problem with clock synchronization, under 
study.


• Poor time resolution: degradation of signal because of connectors, cables?



Conclusions and outlook

• First measurements of PETit shows some issues and things to understand.

• Any comments, suggestions and ideas are welcome!

• We’ve had a hard time figuring out how TOFPET works (still not sure we get 

it completely).

• Thinking about adding wires to collect charge to improve energy resolution.

• Using G4+NEST to simulate i-electrons and photon yields in LXe (thanks to 

Matthew Szydagis and Jason Brodsky for their continuous help!).

• Testing simulation with the image reconstruction algorithm to see the 

performance.

• Upgrade of PETit once we understand the basics.
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Monte Carlo

80% PTFE reflectivity

100% PTFE reflectivity

100% PTFE reflectivity

only pure 
photoelectric (selected 
using true MC info)





First prototype: PETit
Electronics

24

Front-End adapterData processor

• Front-end adapter: controls T sensors, SiPMs, clock system and clock distribution among chips.

• Data processor:  receives data and sends them to computer, receives TOFPET configuration and 

sends it to chips, manages clock synchronization.


