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U(3)Q ⇥ U(3)u ⇥ U(3)d

<latexit sha1_base64="v4YuP+GnrG09pQuqZ03GIsR4FN4=">AAACHHicbVA9TwJBEN3DL8SvU0ubjcQEG3KnJGpHtLGExAMSIGRvGXDD3kd250zIhb/gT/BX2GplZ2xNLPwv7gGFgq9682Ymb+b5sRQaHefLyq2srq1v5DcLW9s7u3v2/kFDR4ni4PFIRqrlMw1ShOChQAmtWAELfAlNf3ST9ZsPoLSIwjscx9AN2DAUA8EZGqlnl7zS+WkvrU9oB0UAms7qZKHuT3p20Sk7U9Bl4s5JkcxR69nfnX7EkwBC5JJp3XadGLspUyi4hEmhk2iIGR+xIbQNDZlx66bTjyb0JNEMIxqDokLSqQi/N1IWaD0OfDMZMLzXi71M/K/XTnBw2U1FGCcIIc+MUEiYGmmuhIkKaF8oQGTZ5UBFSDlTDBGUoIxzIyYmu4LJw138fpk0zspupXxVrxSr1/Nk8uSIHJMScckFqZJbUiMe4eSRPJMX8mo9WW/Wu/UxG81Z851D8gfW5w+FkaAC</latexit>
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FLAVOUR  SPACE

Basis

YD diag

<latexit sha1_base64="L92IEBXAlokQNfxLbNyNantpIX8=">AAACCXicbVC7TsNAEDyHVwivAKKiOREhUUU2igR0EVBQBok8UBJF68smnHJ+6G6NiKx8AV9BCxUdouUrKPgXbJMCEqYazexqZ8cNlTRk259WbmFxaXklv1pYW9/Y3Cpu7zRMEGmBdRGoQLdcMKikj3WSpLAVagTPVdh0Rxep37xHbWTg39A4xK4HQ18OpABKpF5x77YXX054h3cIH0h7cV/CcNIrluyynYHPE2dKSmyKWq/41ekHIvLQJ6HAmLZjh9SNQZMUCieFTmQwBDGCIbYT6oOHphtn8Sf8MDJAAQ9Rc6l4JuLvjRg8Y8aem0x6QHdm1kvF/7x2RIPTbiz9MCL0RXqIpMLskBFaJr0g70uNRJAmRy59LkADEWrJQYhEjJKiCkkfzuz386RxXHYq5bPrSql6Pm0mz/bZATtiDjthVXbFaqzOBIvZE3tmL9aj9Wq9We8/ozlrurPL/sD6+AYgEJor</latexit>

YU diag

<latexit sha1_base64="BgEfunVBHyXp82PLAsolsSRNLhA=">AAACCXicbVC7TsNAEDzzDOEVQFQ0JyIkqshGkYAugoYySOSB4ihaXzbhlPNDd2tEZPkL+ApaqOgQLV9Bwb/gmBSQMNVoZlc7O16kpCHb/rQWFpeWV1YLa8X1jc2t7dLObtOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vdDnxW/eojQyDGxpH2PVhGMiBFECZ1Cvt3/aSRspd7hI+kPaTvoRh2iuV7Yqdg88TZ0rKbIp6r/Tl9kMR+xiQUGBMx7Ej6iagSQqFadGNDUYgRjDETkYD8NF0kzx+yo9iAxTyCDWXiuci/t5IwDdm7HvZpA90Z2a9ifif14lpcNZNZBDFhIGYHCKpMD9khJZZL8j7UiMRTJIjlwEXoIEIteQgRCbGWVHFrA9n9vt50jypONXK+XW1XLuYNlNgB+yQHTOHnbIau2J11mCCJeyJPbMX69F6td6s95/RBWu6s8f+wPr4Bjuwmjw=</latexit>

Q :  In which basis we are defining NP ?

Orientation in Flavour space imprints phenomenology : 2 extremes at hand.

Important point, since in the SMEFT up and down sectors are correlated !

Basis where down-quark  
Yukawa matrix is diagonal

Basis where up-quark  
Yukawa matrix is diagonal

VCKM

<latexit sha1_base64="MKhMbI4kDJQHZs2k9oQ2/ev11pk=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0VwVRIpqLtiN4IIFewDmlAm09s6dDIJMzdCCQW/wq2u3Ilbf8WF/2ISs9DqWR3OuZd77vEjKQza9odVWlpeWV0rr1c2Nre2d6q7e10TxppDh4cy1H2fGZBCQQcFSuhHGljgS+j501bm9+5BGxGqW5xF4AVsosRYcIap5HaHCXV1QFtX1/NhtWbX7Rz0L3EKUiMF2sPqpzsKeRyAQi6ZMQPHjtBLmEbBJcwrbmwgYnzKJjBIqWIBGC/JM8/pUWwYhjQCTYWkuQg/NxIWGDML/HQyYHhnFr1M/M8bxDg+8xKhohhB8ewQCgn5IcO1SMsAOhIaEFmWHKhQlDPNEEELyjhPxThtp5L24Sx+/5d0T+pOo35+06g1L4pmyuSAHJJj4pBT0iSXpE06hJOIPJIn8mw9WC/Wq/X2PVqyip198gvW+xe9YpWG</latexit>
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<latexit sha1_base64="rMqw+TiDtQv3VXqBIgXX2/smec8="></latexit>

FLAVOUR BOUNDS  —  A modern view



 :   , still subject to Flavor constraintsijkl = 1111 ΔF = 0

1)  If aligned with YU : 

2)  If aligned with YD : 

dL,1 → V1j dL,j

uL,1 → V†
1j uL,j

   ⇒ K − K̄

going to mass basis

415 TeV

<latexit sha1_base64="pWJOY4DJEJhUZcGpb26BWKEvpRs=">AAACBnicbVC7TsNAEDzzDOFlQklzIkKiimwUBHQRNJRBykuKreh82YRTzg/drVEiKz1fQQsVHaLlNyj4F2zjAhKmGs3samfHi6TQaFmfxsrq2vrGZmmrvL2zu7dvHlQ6OowVhzYPZah6HtMgRQBtFCihFylgvieh601uMr/7AEqLMGjhLALXZ+NAjARnmEoDs1K3z6lDHYQpKj9pQWc+MKtWzcpBl4ldkCop0ByYX84w5LEPAXLJtO7bVoRuwhQKLmFedmINEeMTNoZ+SgPmg3aTPPucnsSaYUgjUFRImovweyNhvtYz30snfYb3etHLxP+8foyjSzcRQRQjBDw7hEJCfkhzJdJSgA6FAkSWJQcqAsqZYoigBGWcp2KctlRO+7AXv18mnbOaXa9d3dWrjeuimRI5IsfklNjkgjTILWmSNuFkSp7IM3kxHo1X4814/xldMYqdQ/IHxsc3pNOYLQ==</latexit>

1)

267 TeV

<latexit sha1_base64="i3h+c6VBcPoCkwpF/8pyBH4AUTQ=">AAACBnicbVC7TsNAEDzzDOFlQklzIkKiiuwoItBF0FAGKS8ptqLzZRNOOT90t0aJrPR8BS1UdIiW36DgX7CDC0iYajSzq50dL5JCo2V9GmvrG5tb24Wd4u7e/sGheVTq6DBWHNo8lKHqeUyDFAG0UaCEXqSA+Z6Erje5yfzuAygtwqCFswhcn40DMRKcYSoNzFL1ok4d6iBMUflJCzrzgVm2KtYCdJXYOSmTHM2B+eUMQx77ECCXTOu+bUXoJkyh4BLmRSfWEDE+YWPopzRgPmg3WWSf07NYMwxpBIoKSRci/N5ImK/1zPfSSZ/hvV72MvE/rx/j6NJNRBDFCAHPDqGQsDikuRJpKUCHQgEiy5IDFQHlTDFEUIIyzlMxTlsqpn3Yy9+vkk61YtcqV3e1cuM6b6ZATsgpOSc2qZMGuSVN0iacTMkTeSYvxqPxarwZ7z+ja0a+c0z+wPj4BqzqmDI=</latexit>

2)
⇤QQ1111

NP &

<latexit sha1_base64="9BtvMAIy8ZftemEocE067130iao=">AAACGHicbVC7TsNAEDzzJrwClDQnAhJVZCMkoEPQUCCUSASQ4mCtL0s4cWdbd2skZPkH+AS+ghYqOkRLR8G/cAkpeE01mpnV7k6cKWnJ99+9kdGx8YnJqenKzOzc/EJ1cenUprkR2BKpSs15DBaVTLBFkhSeZwZBxwrP4uuDvn92g8bKNDmh2ww7GnqJvJQCyElRdS08cuEuREVoND9ulBdFsxkVgUNZ8rBHblRH1Zpf9wfgf0kwJDU2RCOqfoTdVOQaExIKrG0HfkadAgxJobCshLnFDMQ19LDtaAIabacYfFPy9dwCpTxDw6XiAxG/TxSgrb3VsUtqoCv72+uL/3ntnC53OoVMspwwEf1FJBUOFllhpKsJeVcaJIL+5chlwgUYIEIjOQjhxNz1VnF9BL+//0tON+vBVn23uVXb2x82M8VW2CrbYAHbZnvskDVYiwl2xx7YI3vy7r1n78V7/YqOeMOZZfYD3tsnoSuftg==</latexit>

   ⇒ D − D̄

Example: OQQ
ijkl = (Q̄iγμQj)(Q̄kγμQl)



 :   , still subject to Flavor constraintsijkl = 1111 ΔF = 0

1)  If aligned with YU : 

2)  If aligned with YD : 

dL,1 → V1j dL,j

uL,1 → V†
1j uL,j

   ⇒ K − K̄

going to mass basis

415 TeV

<latexit sha1_base64="pWJOY4DJEJhUZcGpb26BWKEvpRs=">AAACBnicbVC7TsNAEDzzDOFlQklzIkKiimwUBHQRNJRBykuKreh82YRTzg/drVEiKz1fQQsVHaLlNyj4F2zjAhKmGs3samfHi6TQaFmfxsrq2vrGZmmrvL2zu7dvHlQ6OowVhzYPZah6HtMgRQBtFCihFylgvieh601uMr/7AEqLMGjhLALXZ+NAjARnmEoDs1K3z6lDHYQpKj9pQWc+MKtWzcpBl4ldkCop0ByYX84w5LEPAXLJtO7bVoRuwhQKLmFedmINEeMTNoZ+SgPmg3aTPPucnsSaYUgjUFRImovweyNhvtYz30snfYb3etHLxP+8foyjSzcRQRQjBDw7hEJCfkhzJdJSgA6FAkSWJQcqAsqZYoigBGWcp2KctlRO+7AXv18mnbOaXa9d3dWrjeuimRI5IsfklNjkgjTILWmSNuFkSp7IM3kxHo1X4814/xldMYqdQ/IHxsc3pNOYLQ==</latexit>

1)

267 TeV

<latexit sha1_base64="i3h+c6VBcPoCkwpF/8pyBH4AUTQ=">AAACBnicbVC7TsNAEDzzDOFlQklzIkKiiuwoItBF0FAGKS8ptqLzZRNOOT90t0aJrPR8BS1UdIiW36DgX7CDC0iYajSzq50dL5JCo2V9GmvrG5tb24Wd4u7e/sGheVTq6DBWHNo8lKHqeUyDFAG0UaCEXqSA+Z6Erje5yfzuAygtwqCFswhcn40DMRKcYSoNzFL1ok4d6iBMUflJCzrzgVm2KtYCdJXYOSmTHM2B+eUMQx77ECCXTOu+bUXoJkyh4BLmRSfWEDE+YWPopzRgPmg3WWSf07NYMwxpBIoKSRci/N5ImK/1zPfSSZ/hvV72MvE/rx/j6NJNRBDFCAHPDqGQsDikuRJpKUCHQgEiy5IDFQHlTDFEUIIyzlMxTlsqpn3Yy9+vkk61YtcqV3e1cuM6b6ZATsgpOSc2qZMGuSVN0iacTMkTeSYvxqPxarwZ7z+ja0a+c0z+wPj4BqzqmDI=</latexit>

2)
⇤QQ1111

NP &

<latexit sha1_base64="9BtvMAIy8ZftemEocE067130iao=">AAACGHicbVC7TsNAEDzzJrwClDQnAhJVZCMkoEPQUCCUSASQ4mCtL0s4cWdbd2skZPkH+AS+ghYqOkRLR8G/cAkpeE01mpnV7k6cKWnJ99+9kdGx8YnJqenKzOzc/EJ1cenUprkR2BKpSs15DBaVTLBFkhSeZwZBxwrP4uuDvn92g8bKNDmh2ww7GnqJvJQCyElRdS08cuEuREVoND9ulBdFsxkVgUNZ8rBHblRH1Zpf9wfgf0kwJDU2RCOqfoTdVOQaExIKrG0HfkadAgxJobCshLnFDMQ19LDtaAIabacYfFPy9dwCpTxDw6XiAxG/TxSgrb3VsUtqoCv72+uL/3ntnC53OoVMspwwEf1FJBUOFllhpKsJeVcaJIL+5chlwgUYIEIjOQjhxNz1VnF9BL+//0tON+vBVn23uVXb2x82M8VW2CrbYAHbZnvskDVYiwl2xx7YI3vy7r1n78V7/YqOeMOZZfYD3tsnoSuftg==</latexit>

   ⇒ D − D̄

1)

2)

Example: OQQ
ijkl = (Q̄iγμQj)(Q̄kγμQl)

For 3rd gen.:
<latexit sha1_base64="/EKcIqccsKLuWnt+IqEW7MFG+/0="></latexit>

⇤QQ3333

NP &
<latexit sha1_base64="qZ1Tiv/xEGmappca7F2hItQvYyU=">AAACBnicbVC7TsNAEDyHVwgvE0qaExESVWQjXmUEDWWQ8pJiKzpfNuGU80N3a5TISs9X0EJFh2j5DQr+Bdu4gISpRjO72tnxIik0WtanUVpZXVvfKG9WtrZ3dvfM/WpHh7Hi0OahDFXPYxqkCKCNAiX0IgXM9yR0vclN5ncfQGkRBi2cReD6bByIkeAMU2lgVu36OXWogzBF5Sct6MwHZs2qWznoMrELUiMFmgPzyxmGPPYhQC6Z1n3bitBNmELBJcwrTqwhYnzCxtBPacB80G6SZ5/T41gzDGkEigpJcxF+byTM13rme+mkz/BeL3qZ+J/Xj3F05SYiiGKEgGeHUEjID2muRFoK0KFQgMiy5EBFQDlTDBGUoIzzVIzTlippH/bi98ukc1q3L+rW3VmtcV00UyaH5IicEJtckga5JU3SJpxMyRN5Ji/Go/FqvBnvP6Mlo9g5IH9gfHwDmNyYIA==</latexit>

1.5 TeV

<latexit sha1_base64="CD0DcZLDsScI+z2Q/a5wSGE0+pg=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTZCPLoIGsog5SXFUXS+bMIpd7Z1t46IrLR8BS1UdIiW/6DgX7CNC0iYajSzq50dP5LCoON8WkvLK6tr66WN8ubW9s6uvbffMmGsOTR5KEPd8ZkBKQJookAJnUgDU76Etj++yfz2BLQRYdDAaQQ9xUaBGArOMJX6tn1FPeohPKBWSQNas75dcapODrpI3IJUSIF63/7yBiGPFQTIJTOm6zoR9hKmUXAJs7IXG4gYH7MRdFMaMAWml+TJZ/Q4NgxDGoGmQtJchN8bCVPGTJWfTiqG92bey8T/vG6Mw8teIoIoRgh4dgiFhPyQ4VqklQAdCA2ILEsOVASUM80QQQvKOE/FOO2onPbhzn+/SFqnVfe86tydVWrXRTMlckiOyAlxyQWpkVtSJ03CyYQ8kWfyYj1ar9ab9f4zumQVOwfkD6yPb7q5l7E=</latexit>

9 TeV

Top-philic !



—>   , still subject to Flavour constraintsΔF = 0

1)  If aligned with YU : 

2)  If aligned with YD : 

dL,1 → V1j dL,j

uL,1 → V†
1j uL,j

   ⇒ K − K̄

going to mass basis

   ⇒ D − D̄

CAVEATS TO THIS ARGUMENT?

Example: OQQ
ijkl = (Q̄iγμQj)(Q̄kγμQl)

— Specific flavour structures, e.g.: i)  Flavour Universality
ii)  Minimal Flavour Violation

— Fully right-handed operators



L.Reina @ LHCP ‘19

Flavour bounds can be relevant even for   
operators via SM RG flow …

ΔF = 0

<latexit sha1_base64="Z1SFYHIxjnjgYdKZn6FC9OVK5J8=">AAACHnicbVDLSgNBEJz1bXxFPXoZDIJ4CLvi6xj04kEkQhID2RB6J20cnNldZnpFWfIPfoJf4VVP3sSrHvwXJzEHX3Uqqqrp7opSJS35/rs3Nj4xOTU9M1uYm19YXCourzRskhmBdZGoxDQjsKhkjHWSpLCZGgQdKTyPro4G/vk1GiuTuEa3KbY19GJ5IQWQkzrFrfDEhbvQyUOj+Wm1z8MeubjmwS4PeUh4Q0bnNWz0O8WSX/aH4H9JMCIlNkK1U/wIu4nINMYkFFjbCvyU2jkYkkJhvxBmFlMQV9DDlqMxaLTtfPhTn29kFijhKRouFR+K+H0iB23trY5cUgNd2t/eQPzPa2V0cdDOZZxmhLEYLCKpcLjICiNdWci70iARDC5HLmMuwAARGslBCCdmrr2C6yP4/f1f0tguB3tl/2ynVDkcNTPD1tg622QB22cVdsyqrM4Eu2MP7JE9effes/fivX5Fx7zRzCr7Ae/tEw74ogE=</latexit>

⇤NP & 15 TeV

L.S. & M.V. ‘19

… assumption on flavour orientation once again relevant!



https://hepfit.roma1.infn.it

A fresh new 

UT analysis is

on the way …

Expanding / improving a public tool aimed @ combining high-pT 

+ EW precision with constraints from Flavour in the SMEFT

www.utfit.org



A  FLAVOURFUL  SMEFT

High-pT bounds on the SMEFT often assume CKM 
to play no role: OK only in very specific ansatz

Breaking of U(3)5 by New Physics is a key question:  
SMEFT the right tool if used wisely

Ideal investigation of the SMEFT should exploit all 
available data within the least set of assumptions


