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SANC: THE PROCESS γγ → ZZ
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The implementation of the process γγ → ZZ at the one-loop level within SANC system multi-
channel approach is considered. The derived one-loop scalar form factors can be used for any cross
channel after an appropriate permutation of their arguments Å Mandelstam variables s, t, u. To check
the correctness of the results, we observe the independence of the scalar form factors from the gauge
parameters and the validity of Ward identity (external photon transversality). We present the complete
analytical results for the covariant and tensor structures and helicity amplitudes for this process. We
make an extensive comparison of our analytical and numerical results with those existing in the literature.

� ¸¸³ É·¨¢ ¥É¸Ö ¢´¥¤·¥´¨¥ ¶·μÍ¥¸¸  γγ → ZZ ¢ ¸¨¸É¥³Ê SANC ´  μ¤´μ¶¥É²¥¢μ³ Ê·μ¢´¥ ÉμÎ-
´μ¸É¨ ¢ ³Ê²ÓÉ¨± ´ ²Ó´μ³ ¶μ¤Ìμ¤¥. �μ²ÊÎ¥´´Ò¥ μ¤´μ¶¥É²¥¢Ò¥ ¸± ²Ö·´Ò¥ Ëμ·³Ë ±Éμ·Ò ³μ£ÊÉ ¡ÒÉÓ
¨¸¶μ²Ó§μ¢ ´Ò ¢ ²Õ¡μ³ ± ´ ²¥ ¶μ¸²¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¶¥·¥¸É ´μ¢±¨ ¨Ì  ·£Ê³¥´Éμ¢ Å ³ ´¤¥²ÓÏÉ -
³μ¢¸±¨Ì ¶¥·¥³¥´´ÒÌ s, t, u. „²Ö ¶·μ¢¥·±¨ ±μ··¥±É´μ¸É¨ ·¥§Ê²ÓÉ Éμ¢ ´ ¡²Õ¤ ¥É¸Ö ´¥§ ¢¨¸¨³μ¸ÉÓ
¸± ²Ö·´ÒÌ Ëμ·³Ë ±Éμ·μ¢ μÉ ± ²¨¡·μ¢μÎ´ÒÌ ¶ · ³¥É·μ¢ ¨ ¢Ò¶μ²´¥´¨¥ Éμ¦¤¥¸É¢  ‚ ·¤  (¶μ¶¥-
·¥Î´μ¸ÉÓ ¶μ ¢´¥Ï´¥³Ê ËμÉμ´Ê). �·¥¤¸É ¢²¥´ ¶μ²´μ¸ÉÓÕ  ´ ²¨É¨Î¥¸±¨° ·¥§Ê²ÓÉ É ¤²Ö É¥´§μ·´μ°
¸É·Ê±ÉÊ·Ò, ±μ¢ ·¨ ´É´μ° ¨ ¸¶¨· ²Ó´ÒÌ  ³¶²¨ÉÊ¤ ¤²Ö ¤ ´´μ£μ ¶·μÍ¥¸¸ . �·μ¢¥¤¥´μ · ¸Ï¨·¥´´μ¥
¸· ¢´¥´¨¥  ´ ²¨É¨Î¥¸±¨Ì ¨ Î¨¸²¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¸ ¨³¥ÕÐ¨³¨¸Ö ¤ ´´Ò³¨ ¢ ¸¶¥Í¨ ²Ó´μ° ²¨É¥-
· ÉÊ·¥.
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