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UTA : A PRECISION TEST OF THE SM

From Unitarity of the CKM
(V †V )db = 0 $ apex: (⇢̄, ⌘̄)

<latexit sha1_base64="9K+srkYS4ikqT5J93xsz6eqMBeA="></latexit>

Over-constrained global fit

�md,s $ B-B̄ mixing

<latexit sha1_base64="rjSPkO4sOUJUGiDuD4ZTn8hhcw8="></latexit>

✏K $ K-K̄ mixing

<latexit sha1_base64="FQWjxAxZgLUa6eOiAoGWG97erMk="></latexit>

↵,�, � $ hadronic B decays

<latexit sha1_base64="F+dPjbZPPJD+kvtVLl6pkg68+EQ="></latexit>

|Vub/Vcb| $ semileptonic B decays

<latexit sha1_base64="9j4+1ZZ+OWVpvYnYZ2hTAuWrj7o="></latexit>

⇢̄ = 0.148± 0.013

<latexit sha1_base64="qHRkIgP9p25pjg/4Lnx5ZFpDG4A=">AAACEXicbZA9SwNBEIb3/DZ+nVqKsBgEq3CnAWMhBG0sFYwKuRDmNpO4uPfB7pwQjlT+BH+FrVZ2YusvsPC/uBdTaOJUD+87w8y8YaqkIc/7dKamZ2bn5hcWS0vLK6tr7vrGlUkyLbAhEpXomxAMKhljgyQpvEk1QhQqvA7vTgv/+h61kUl8Sf0UWxH0YtmVAshKbXc7CEHngb5NBvyYexW/WuNBGlny/INS2y1bGBafBH8EZTaq87b7FXQSkUUYk1BgTNP3UmrloEkKhYNSkBlMQdxBD5sWY4jQtPLhGwO+mxmghKeouVR8KOLviRwiY/pRaDsjoFsz7hXif14zo26tlcs4zQhjUSwiqXC4yAgtbT7IO1IjERSXI5cxF6CBCLXkIIQVMxtYkYc//v0kXO3bGCtHF9Vy/WSUzALbYjtsj/nskNXZGTtnDSbYA3tiz+zFeXRenTfn/ad1yhnNbLI/5Xx8A384mnk=</latexit>

⌘̄ = 0.348± 0.010

<latexit sha1_base64="7XTgN+WlmHjCLAt4TBXkoQ4n/9g=">AAACEXicbZC7SgNREIbPxluMt6ilCAeDYBV2NWAshKCNZQRzgWwIsyeTeMjZC+fMCmFJ5SP4FLZa2YmtT2Dhu7gbU2h0qo//n2Fmfi9S0pBtf1i5hcWl5ZX8amFtfWNzq7i90zRhrAU2RKhC3fbAoJIBNkiSwnakEXxPYcsbXWZ+6w61kWFwQ+MIuz4MAzmQAiiVesV91wOduEgw4efcLp9UqtyN/JRsxy70iqUUpsX/gjODEptVvVf8dPuhiH0MSCgwpuPYEXUT0CSFwknBjQ1GIEYwxE6KAfhousn0jQk/jA1QyCPUXCo+FfHnRAK+MWPfSzt9oFsz72Xif14npkG1m8ggigkDkS0iqXC6yAgt03yQ96VGIsguRy4DLkADEWrJQYhUjNPAsjyc+e//QvO47FTKZ9eVUu1ilkye7bEDdsQcdspq7IrVWYMJds8e2RN7th6sF+vVevtuzVmzmV32q6z3L2Ulmmk=</latexit>

http://www.utfit.org/UTfit



WHAT ABOUT NEW PHYSICS ?

The most general Weak Effective Hamiltonian for meson anti-meson mixing is:

No tree-level Flavor-Changing-Neutral-Current processes (FCNCs) in the SM. 
Furthermore, suppression of FCNC amplitudes in the SM due to GIM.

  : excellent probe of Physics Beyond the SM !ΔF = 2
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<latexit sha1_base64="uSoVyRssuZapsq09CHt9Oj/YwIs="></latexit>

H
�C=2
e↵ =

5X

i=1

CiO
cu
i +

3X

i=1

C̃iÕ
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<latexit sha1_base64="9/768G/17XVTo0Nd5VcR+cW5bMw="></latexit>
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<latexit sha1_base64="yVYwrAdWFeU3/IxlkYSKmx8pr/o="></latexit>
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<latexit sha1_base64="M3LHyWEo2U17cqu78LSP+pvjtJk="></latexit>
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<latexit sha1_base64="AI8sAXbLDlXvGf9vLWqU2Rqoevs="></latexit>

O
qiqj
3 = q̄

↵
jRq

�
iL q̄

�
jRq

↵
iL

<latexit sha1_base64="Nr9tSop79pSeRkHiwELm1I+pzhE="></latexit>
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<latexit sha1_base64="x3M0DGI3xhZmMX+FXd0M7IgEA9o="></latexit>
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<latexit sha1_base64="rD4DALhh+2oKQUc5pLZnnB4t6v4="></latexit>

[see, e.g., M.Bona et al. JHEP 03 (2008) 049 ]

Õi ⌘ Oi(L $ R)

<latexit sha1_base64="wIeIbNWgZEzgggVv8qDKuQCT42Q="></latexit>

where:



AMOUNT OF NP ALLOWED IN F = 2Δ

New generic source of flavor / CP violation —> high NP scale⚠

L.Silvestrini, Les Houches Lect.Notes 108 (2020)



ABOVE THE EW SCALE, WE MUST EXPLOIT SM GAUGE SYMMETRY

O
QQ(1)

ijij = Q̄i�µQjQ̄i�
µ
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<latexit sha1_base64="2lPyWrpKUN3Fg/a/LRGx7glZ7r8="></latexit>
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<latexit sha1_base64="S1TYoeLivHwI4OjItgTzXMoTWcw="></latexit>
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<latexit sha1_base64="2mGz1ARfR7Oqkhgila2Z7GMLeT0="></latexit>
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<latexit sha1_base64="Vx3MTptx8ny0BEvrNbIMZutRr7Y="></latexit>
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<latexit sha1_base64="WDIv8kQGXeeEkKSjfso9y66zmeY="></latexit>

F = 2  IN THE SMEFTΔ

( q = u, d stands now on for RH fields ;  Pauli matrices ;  color ones)τA Ta

CAPITAL CASE 
SU(2)L Doublets
LOWER CASE 
SU(2)L singlets

See, e.g.:
J.Aebischer et al.  

1512.02830
A.Celis et al.  
1704.04504

μIR

Energy

⇤

<latexit sha1_base64="2kRAZUCz/BTaqB0Qb6rZth7L4AU=">AAAB+XicdVA9SwNBEN3zM8avqKXNYhCsjr0zwaQL2lhYKBgjJEHmNqMu2ftgd06Qwx9hq5Wd2PprLPwvbmIEFX3V4703zMyLMq0sCfHmTU3PzM7NlxbKi0vLK6uVtfUzm+ZGYlumOjXnEVjUKsE2KdJ4nhmEONLYiYYHI79zg8aqNDml2wz7MVwl6lJJICd1ekcuOoCLSlX4zaao1epc+HURhmHDEbEbNpoBD3wxRpVNcHxRee8NUpnHmJDUYG03EBn1CzCkpMa7ci+3mIEcwhV2HU0gRtsvxufe8e3cAqU8Q8OV5mMRv08UEFt7G0cuGQNd29/eSPzL6+Z02egXKslywkSOFpHSOF5kpVGuB+QDZZAIRpcjVwmXYIAIjeIgpRNzV0zZ9fH1NP+fnIV+UPObJ7Vqa3/STIltsi22wwK2x1rskB2zNpNsyO7ZA3v0Cu/Je/ZePqNT3mRmg/2A9/oBNLaUNw==</latexit>

μW

F = 2 UNDER SU(2) L x U(1) Y  Δ



ABOVE THE EW SCALE, WE MUST EXPLOIT SM GAUGE SYMMETRY

CAPITAL CASE 
SU(2)L Doublets
LOWER CASE 
SU(2)L singlets

μIR

Energy

⇤

<latexit sha1_base64="2kRAZUCz/BTaqB0Qb6rZth7L4AU=">AAAB+XicdVA9SwNBEN3zM8avqKXNYhCsjr0zwaQL2lhYKBgjJEHmNqMu2ftgd06Qwx9hq5Wd2PprLPwvbmIEFX3V4703zMyLMq0sCfHmTU3PzM7NlxbKi0vLK6uVtfUzm+ZGYlumOjXnEVjUKsE2KdJ4nhmEONLYiYYHI79zg8aqNDml2wz7MVwl6lJJICd1ekcuOoCLSlX4zaao1epc+HURhmHDEbEbNpoBD3wxRpVNcHxRee8NUpnHmJDUYG03EBn1CzCkpMa7ci+3mIEcwhV2HU0gRtsvxufe8e3cAqU8Q8OV5mMRv08UEFt7G0cuGQNd29/eSPzL6+Z02egXKslywkSOFpHSOF5kpVGuB+QDZZAIRpcjVwmXYIAIjeIgpRNzV0zZ9fH1NP+fnIV+UPObJ7Vqa3/STIltsi22wwK2x1rskB2zNpNsyO7ZA3v0Cu/Je/ZePqNT3mRmg/2A9/oBNLaUNw==</latexit>

See, e.g.:
J.Aebischer et al.  

1512.02830

μW

F = 2  MATCHING IN THE SMEFTΔ

( q = u, d stands now on for RH fields ;  Pauli matrices ;  color ones)τA Ta

C1(µW ) = �
⇣
CQQ(1)

(µW ) + CQQ(3)

(µW )
⌘
/⇤2

<latexit sha1_base64="ddTNizi0plP4GMcG2i1SzM8yUgo="></latexit>

C5(µW ) =
⇣
6CQq(1)(µW )� CQq(8)(µW )

⌘
/(3⇤2)

<latexit sha1_base64="UDZWX2908iqpL02NwOTe/3ApDPA="></latexit>

C̃1(µW ) = �Cqq(µW )/⇤2

<latexit sha1_base64="ktijmtXVchZ5uTaQU0brnK/U6oI="></latexit>

C4(µW ) = CQq(8)(µW )/⇤2

<latexit sha1_base64="FXvAULRGt0svBBwTqEvobjHa3Qw="></latexit>

A.Celis et al.  
1704.04504

C2(µW ) = C̃2(µW ) = C3(µW ) = C̃3(µW ) = 0

<latexit sha1_base64="kTObiePhB6xJxoiZ5KuPZXaFg2A=">AAACRXicdVC7TgJBFJ3FF+ILtbSZSEywIbtIohYmRBpLSOSRANnMDhecMPvIzF0TsuG7/AS/wYJWKztjqwNSCOitTs45N/ee40VSaLTtFyu1tr6xuZXezuzs7u0fZA+PGjqMFYc6D2WoWh7TIEUAdRQooRUpYL4noekNK1O9+QhKizC4x1EEXZ8NAtEXnKGh3Gyt4ibFMc13/NhtntMb2kEhe5BUxku88V3841vgbTebswv2bOgqcOYgR+ZTdbOTTi/ksQ8Bcsm0bjt2hN2EKRRcwjjTiTVEjA/ZANoGBswH3U1m0cf0LNYMQxqBokLSGQm/NxLmaz3yPeP0GT7oZW1K/qW1Y+xfdRMRRDFCwKeHTGCYHdJcCdMp0J5QgMimnwMVAeVMMURQgjLODRmbkjOmD2c5/SpoFAtOqXBdK+XKt/Nm0uSEnJI8ccglKZM7UiV1wskTmZBX8mY9W+/Wh/X5Y01Z851jsjDW1zcfla4c</latexit>

F = 2 UNDER SU(2) L x U(1) Y  Δ



95% BOUNDS    FROM  MESON — ANTI-MESON MIXING AT THE EW SCALE IN X TeV−2

 BOUNDS  —  A modern viewΔF = 2

s $ d

c $ u

b $ d

b $ s

<latexit sha1_base64="3ni1J0cS/emdHc46/5A8HLwXvWE=">AAACTXicbZA7SwNBFIVn4yMxvlYtbQaDYBV2RVCxCdhYRjAPyYZwd3KTDJl9MHNXCSG/zZ9gbWFpq5WdiLsxhSY51eG753Jnjh8rachxXqzcyuraer6wUdzc2t7Ztff26yZKtMCaiFSkmz4YVDLEGklS2Iw1QuArbPjD62zeeEBtZBTe0SjGdgD9UPakAEpRx7433FPYIy37AwKto0fe5Z5XFAs4ybC/PL2IDe/YJafsTMUXjTszJTZTtWO/et1IJAGGJBQY03KdmNpj0CSFwknRSwzGIIbQx1ZqQwjQtMfTCib8ODFAEY9Rc6n4FOLfjTEExowCP00GQAMzP8vgslkrod5FeyzDOCEMRXaIpMLpISO0TLtF3pUaiSB7OXIZcgEaiFBLDkKkMEnLLqZ9uPO/XzT107J7Vr68PStVrmbNFNghO2InzGXnrMJuWJXVmGBP7I29sw/r2fq0vqzv32jOmu0csH/K5X8AE/S0AA==</latexit>

5.9 · 10�7

2.5 · 10�7

9.5 · 10�7

2.0 · 10�5

<latexit sha1_base64="P2DMCoxVRBAKewC7lDd6+bNQtis=">AAACRXicbZA9TwJBEIb38Avx69TSZiMxsfFyRyBIR2JjCYl8JBySvWXADXsf2Z0zIRd+lz/B32BBq5WdsdUDKRCY6s3zzmRmXi+SQqNtvxmZre2d3b3sfu7g8Oj4xDw9a+owVhwaPJShantMgxQBNFCghHakgPmehJY3upv5rWdQWoTBA44j6PpsGIiB4AxT1DPrJatCXd4PkTr2Y3JTnlDXzRWs0jqsbIIFy16GpQntmXnbsudF14WzEHmyqFrPnLr9kMc+BMgl07rj2BF2E6ZQcAmTnBtriBgfsSF0UhkwH3Q3mb8+oVexZhjSCBQVks4hLE8kzNd67Htpp8/wSa96M7jJ68Q4uO0mIohihIDPFqGQMF+kuRJppkD7QgEim10OVASUM8UQQQnKOE9hnIacS/NwVr9fF82C5RStSr2Yr1YWyWTJBbkk18QhZVIl96RGGoSTFzIl7+TDeDU+jS/j+681Yyxmzsm/Mn5+AcXCqwI=</latexit>

2.0 · 10�9

7.5 · 10�9

8.0 · 10�7

6.7 · 10�6

<latexit sha1_base64="qlqR2owZUkuAWthqk6qsxQGPu2g=">AAACRXicbZC7TsNAEEXXPEN4GShpVkRINFh2FBLSRaKhTCQSkGITrTcTWGX90O4YCVn5Lj6Bb6BICxUdogXbpAiEqa7OndHMXD+WQqNtvxhLyyura+uljfLm1vbOrrm339NRojh0eSQjdeMzDVKE0EWBEm5iBSzwJVz744vcv34ApUUUXuFjDF7A7kIxEpxhhgZmp2rZ1OXDCKlj36anzQl13XLDOluE5787GwWsW415WJ/QgVmxLbsouiicmaiQWbUH5tQdRjwJIEQumdZ9x47RS5lCwSVMym6iIWZ8zO6gn8mQBaC9tHh9Qo8TzTCiMSgqJC0gzE+kLND6MfCzzoDhvf7r5fA/r5/g6NxLRRgnCCHPF6GQUCzSXIksU6BDoQCR5ZcDFSHlTDFEUIIyzjOYZCGXszycv98vil7VcmpWs1OrtJqzZErkkByRE+KQBmmRS9ImXcLJE5mSV/JmPBvvxofx+dO6ZMxmDsivMr6+AciXqwU=</latexit>

4.0 · 10�9

4.2 · 10�8

2.0 · 10�7

5.8 · 10�6

<latexit sha1_base64="t4MTyqAbKwNuhDbj7nAiat9hJX4="></latexit>

1.8 · 10�11

1.3 · 10�9

1.5 · 10�7

2.0 · 10�6

<latexit sha1_base64="qGQdYWw3i5lCieYnQK49Z+EtSkE="></latexit>

7.5 · 10�8

2.5 · 10�7

5.0 · 10�7

1.3 · 10�5

<latexit sha1_base64="WsAsd1C4EQSYs9ahFJ/JM4Uv7Jo="></latexit>

2.0 · 10�10

7.7 · 10�9

4.8 · 10�7

4.5 · 10�6

<latexit sha1_base64="XeZpsYPMb5f8xGqtq/FrQLyhNlg="></latexit>

ReX1

<latexit sha1_base64="yYH2FIjrza0e/AR5QRSKXtrcl1M=">AAACA3icbVC7TsNAEDzzDOERAyXNiQiJAkU2igTpItFQBkQeUmxZ58smnHJ+6G6NFFkp+QpaqOgQLR9Cwb9gGxeQMNVoZlc7O34shUbL+jRWVtfWNzYrW9Xtnd29mrl/0NNRojh0eSQjNfCZBilC6KJACYNYAQt8CX1/epX7/QdQWkThHc5icAM2CcVYcIaZ5Jk1RwX0FqhzRgdeas89s241rAJ0mdglqZMSHc/8ckYRTwIIkUum9dC2YnRTplBwCfOqk2iIGZ+yCQwzGrIAtJsWwef0JNEMIxqDokLSQoTfGykLtJ4FfjYZMLzXi14u/ucNExxfuqkI4wQh5PkhFBKKQ5orkTUCdCQUILI8OVARUs4UQwQlKOM8E5OsomrWh734/TLpnTfsZqN106y3W2UzFXJEjskpsckFaZNr0iFdwklCnsgzeTEejVfjzXj/GV0xyp1D8gfGxzfKypaD</latexit>

ImX1

<latexit sha1_base64="eeVAzM4VTO8khUJVkGDcSpi1RBI=">AAACA3icbVC7SgNBFJ31GeMjq5Y2g0GwkLArAU0XsNEugnlAEpbZyU0cMrO7zNwRwpLSr7DVyk5s/RAL/8XNmkITT3U4517uuSdMpDDoeZ/Oyura+sZmYau4vbO7V3L3D1omtppDk8cy1p2QGZAigiYKlNBJNDAVSmiH46uZ334AbUQc3eEkgb5io0gMBWeYSYFb6mlFbxTtndFOkPrTwC17FS8HXSb+nJTJHI3A/eoNYm4VRMglM6brewn2U6ZRcAnTYs8aSBgfsxF0MxoxBaaf5sGn9MQahjFNQFMhaS7C742UKWMmKswmFcN7s+jNxP+8rsXhZT8VUWIRIj47hEJCfshwLbJGgA6EBkQ2Sw5URJQzzRBBC8o4z0SbVVTM+vAXv18mrfOKX63Ubqvlem3eTIEckWNySnxyQerkmjRIk3BiyRN5Ji/Oo/PqvDnvP6MrznznkPyB8/ENySmWgg==</latexit>

ReX4

<latexit sha1_base64="61/hJQm3Wx8yiNBDmzvtmMG3NAQ=">AAACA3icbVC7TsNAEDzzDOERAyXNiQiJAkU2igTpItFQBkQeUmxZ58smnHJ+6G6NFFkp+QpaqOgQLR9Cwb9gGxeQMNVoZlc7O34shUbL+jRWVtfWNzYrW9Xtnd29mrl/0NNRojh0eSQjNfCZBilC6KJACYNYAQt8CX1/epX7/QdQWkThHc5icAM2CcVYcIaZ5Jk1RwX0FqhzRgde2px7Zt1qWAXoMrFLUiclOp755YwingQQIpdM66FtxeimTKHgEuZVJ9EQMz5lExhmNGQBaDctgs/pSaIZRjQGRYWkhQi/N1IWaD0L/GwyYHivF71c/M8bJji+dFMRxglCyPNDKCQUhzRXImsE6EgoQGR5cqAipJwphghKUMZ5JiZZRdWsD3vx+2XSO2/YzUbrpllvt8pmKuSIHJNTYpML0ibXpEO6hJOEPJFn8mI8Gq/Gm/H+M7pilDuH5A+Mj2/PepaG</latexit>

ImX4

<latexit sha1_base64="K69U+ZsEVaYEn79xm9VCNKcl2gQ=">AAACA3icbVC7SgNBFJ31GeMjq5Y2g0GwkLArAU0XsNEugnlAEpbZyU0cMjO7zNwVwpLSr7DVyk5s/RAL/8XNmkITT3U4517uuSeMpbDoeZ/Oyura+sZmYau4vbO7V3L3D1o2SgyHJo9kZDohsyCFhiYKlNCJDTAVSmiH46uZ334AY0Wk73ASQ1+xkRZDwRlmUuCWekbRG0V7Z7QTpNVp4Ja9ipeDLhN/TspkjkbgfvUGEU8UaOSSWdv1vRj7KTMouIRpsZdYiBkfsxF0M6qZAttP8+BTepJYhhGNwVAhaS7C742UKWsnKswmFcN7u+jNxP+8boLDy34qdJwgaD47hEJCfshyI7JGgA6EAUQ2Sw5UaMqZYYhgBGWcZ2KSVVTM+vAXv18mrfOKX63Ubqvlem3eTIEckWNySnxyQerkmjRIk3CSkCfyTF6cR+fVeXPef0ZXnPnOIfkD5+MbzdmWhQ==</latexit>

ReX5

<latexit sha1_base64="tSJtnWIrjC0V4fpWk50rStoW6mw=">AAACA3icbVC7TsNAEDyHVwiPBChpTkRIFCiyURCki0RDGRB5SLFlnS+bcMr5obs1UmSl5CtooaJDtHwIBf+CbVxAwlSjmV3t7HiRFBpN89MorayurW+UNytb2zu71drefk+HseLQ5aEM1cBjGqQIoIsCJQwiBcz3JPS96VXm9x9AaREGdziLwPHZJBBjwRmmklur2sqnt0DtUzpwk/O5W6ubDTMHXSZWQeqkQMetfdmjkMc+BMgl03pomRE6CVMouIR5xY41RIxP2QSGKQ2YD9pJ8uBzehxrhiGNQFEhaS7C742E+VrPfC+d9Bne60UvE//zhjGOL51EBFGMEPDsEAoJ+SHNlUgbAToSChBZlhyoCChniiGCEpRxnopxWlEl7cNa/H6Z9M4aVrPRumnW262imTI5JEfkhFjkgrTJNemQLuEkJk/kmbwYj8ar8Wa8/4yWjGLngPyB8fEN0QqWhw==</latexit>

ImX5

<latexit sha1_base64="CEbP1YWdLT4se2hY2JUFst23VU4=">AAACA3icbVC7TsNAEDyHVwiPBChpTkRIFCiyURCki0QDXZDIQ4ot63zZhFPubOtujRRZKfkKWqjoEC0fQsG/4AQXkDDVaGZXOztBLIVB2/60Ciura+sbxc3S1vbObrmyt98xUaI5tHkkI90LmAEpQmijQAm9WANTgYRuML6a+d0H0EZE4R1OYvAUG4ViKDjDTPIrZVcreqOoe0p7fno+9StVu2bPQZeJk5MqydHyK1/uIOKJghC5ZMb0HTtGL2UaBZcwLbmJgZjxMRtBP6MhU2C8dB58So8TwzCiMWgqJJ2L8HsjZcqYiQqyScXw3ix6M/E/r5/g8NJLRRgnCCGfHUIhYX7IcC2yRoAOhAZENksOVISUM80QQQvKOM/EJKuolPXhLH6/TDpnNadea9zWq81G3kyRHJIjckIcckGa5Jq0SJtwkpAn8kxerEfr1Xqz3n9GC1a+c0D+wPr4Bs9ploY=</latexit>

CQQ(1,3)

ijij

<latexit sha1_base64="i7+FrpFBVzFCjMOp9+G1MfrJqCs=">AAACCnicbVDLSgNBEJyNrxhfq4IXL4NBiCBhVwOaWyAXjwmYB+TF7KQTJ5l9MNMrhHX/wK/wqidv4tWf8OC/uIk5aGKdiqpuurqcQAqNlvVppFZW19Y30puZre2d3T1z/6Cu/VBxqHFf+qrpMA1SeFBDgRKagQLmOhIazrg89Rv3oLTwvVucBNBx2dATA8EZJlLPPCp3o2q1G+Xs88uzOO5FYiRGMe2ZWStvzUCXiT0nWTJHpWd+tfs+D13wkEumdcu2AuxETKHgEuJMO9QQMD5mQ2gl1GMu6E40yx/T01Az9GkAigpJZyL83oiYq/XEdZJJl+GdXvSm4n9eK8TBdScSXhAieHx6CIWE2SHNlUiKAdoXChDZNDlQ4VHOFEMEJSjjPBHDpKlM0oe9+P0yqV/k7UK+WC1kS8V5M2lyTE5IjtjkipTIDamQGuHkgTyRZ/JiPBqvxpvx/jOaMuY7h+QPjI9vZUGZng==</latexit>

Cdd
ijij

<latexit sha1_base64="4SvQIEqwl3SMlBwMiesjnlUSyvQ=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrIREqSLlIYySOQhJU50Pm/CJeeH7tZIkeWGr6CFig7R8icU/Au2cQEJU41mdrWz44RSaDTNT6O0tr6xuVXeruzs7u0fVA+PujqIFIcOD2Sg+g7TIIUPHRQooR8qYJ4joefMW5nfewClReDf4SIE22NTX0wEZ5hKo9Yodt1kHIuZmCV0XK2ZdTMHXSVWQWqkQHtc/Rq6AY888JFLpvXAMkO0Y6ZQcAlJZRhpCBmfsykMUuozD7Qd56kTehZphgENQVEhaS7C742YeVovPCed9Bje62UvE//zBhFOru1Y+GGE4PPsEAoJ+SHNlUjrAOoKBYgsSw5U+JQzxRBBCco4T8Uo7aeS9mEtf79Kuhd167LeuL2sNRtFM2VyQk7JObHIFWmSG9ImHcKJIk/kmbwYj8ar8Wa8/4yWjGLnmPyB8fENYYuXDA==</latexit>

Cuu
ijij

<latexit sha1_base64="rvJpAmrYudJ+4VBixrD+t3ZZwFE=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysyK4xUToSGktM5JHAQmaHCw7MPjJzx4RstvErbLWyM7b+iYX/4rJuoeCpTs65N/fc40VSaLTtT6uwtr6xuVXcLu3s7u0flA+P2jo0ikOLhzJUXY9pkCKAFgqU0I0UMN+T0PFmjYXfeQClRRjc4TwC12eTQIwFZ5hKg8YgNiYZxmIqpgkdlit21c5AV4mTkwrJ0RyWv/qjkBsfAuSSad1z7AjdmCkUXEJS6hsNEeMzNoFeSgPmg3bjLHVCz4xmGNIIFBWSZiL83oiZr/Xc99JJn+G9XvYW4n9ez+D42o1FEBmEgC8OoZCQHdJcibQOoCOhAJEtkgMVAeVMMURQgjLOU9Gk/ZTSPpzl71dJ+6LqXFZrt5eVei1vpkhOyCk5Jw65InVyQ5qkRThR5Ik8kxfr0Xq13qz3n9GCle8ckz+wPr4Bl8yXLg==</latexit>

CQu(1)

ijij

<latexit sha1_base64="k5W4R3LLqR4CkqeVVXol4i7Fn38=">AAACCHicbVC7TgJBFJ3FF+ILH53NRGKCDdk1JEpHQmMJiTwSWMjscMGB2Udm7prgZn/Ar7DVys7Y+hcW/osLbqHgqU7OuTf33OMEUmg0zU8js7a+sbmV3c7t7O7tH+QPj1raDxWHJvelrzoO0yCFB00UKKETKGCuI6HtTGtzv30PSgvfu8VZALbLxp4YCc4wkQb5k1o/aoT9qGhdxPEgEhMxiekgXzBL5gJ0lVgpKZAU9UH+qzf0eeiCh1wyrbuWGaAdMYWCS4hzvVBDwPiUjaGbUI+5oO1okT6m56Fm6NMAFBWSLkT4vRExV+uZ6ySTLsM7vezNxf+8boijazsSXhAieHx+CIWExSHNlUhqAToUChDZPDlQ4VHOFEMEJSjjPBHDpKdc0oe1/P0qaV2WrHKp0igXqpW0mSw5JWekSCxyRarkhtRJk3DyQJ7IM3kxHo1X4814/xnNGOnOMfkD4+Mbts6ZTw==</latexit>

CQu(8)

ijij

<latexit sha1_base64="PaVXnhbw98UDINCIQ9ynU9RqoO8=">AAACCHicbVC7TgJBFJ3FF+ILH53NRGKCDdk1JEJHQmMJiTwSWMjscMGB2Udm7prgZn/Ar7DVys7Y+hcW/osLbqHoqU7OuTf33OMEUmg0zQ8js7a+sbmV3c7t7O7tH+QPj9raDxWHFvelr7oO0yCFBy0UKKEbKGCuI6HjzOoLv3MHSgvfu8F5ALbLJp4YC84wkYb5k/ogaoaDqFi5iONhJKZiGtNhvmCWzCXoX2KlpEBSNIb5z/7I56ELHnLJtO5ZZoB2xBQKLiHO9UMNAeMzNoFeQj3mgrajZfqYnoeaoU8DUFRIuhTh50bEXK3nrpNMugxv9aq3EP/zeiGOK3YkvCBE8PjiEAoJy0OaK5HUAnQkFCCyRXKgwqOcKYYISlDGeSKGSU+5pA9r9fu/pH1ZssqlarNcqFXTZrLklJyRIrHIFamRa9IgLcLJPXkkT+TZeDBejFfj7Xs0Y6Q7x+QXjPcvwgSZVg==</latexit>

CQd(8)

ijij

<latexit sha1_base64="XDhZotolrQsQx45sdRwCzSk17bs=">AAACCHicbVC7TgJBFJ3FF+ILH53NRGKCDdk1JEJHQmMJiTwSWMjscMGB2Udm7prgZn/Ar7DVys7Y+hcW/osLbqHoqU7OuTf33OMEUmg0zQ8js7a+sbmV3c7t7O7tH+QPj9raDxWHFvelr7oO0yCFBy0UKKEbKGCuI6HjzOoLv3MHSgvfu8F5ALbLJp4YC84wkYb5k/ogao4GUbFyEcfDSEzFNKbDfMEsmUvQv8RKSYGkaAzzn/2Rz0MXPOSSad2zzADtiCkUXEKc64caAsZnbAK9hHrMBW1Hy/QxPQ81Q58GoKiQdCnCz42IuVrPXSeZdBne6lVvIf7n9UIcV+xIeEGI4PHFIRQSloc0VyKpBehIKEBki+RAhUc5UwwRlKCM80QMk55ySR/W6vd/SfuyZJVL1Wa5UKumzWTJKTkjRWKRK1Ij16RBWoSTe/JInsiz8WC8GK/G2/doxkh3jskvGO9fpoaZRQ==</latexit>

CQd(1)

ijij

<latexit sha1_base64="t4QwxE5sYJPwB9ijiMszwUa7SNY=">AAACCHicbVC7TgJBFJ3FF+ILH53NRGKCDdk1JEpHQmMJiTwSWMjscMGB2Udm7prgZn/Ar7DVys7Y+hcW/osLbqHgqU7OuTf33OMEUmg0zU8js7a+sbmV3c7t7O7tH+QPj1raDxWHJvelrzoO0yCFB00UKKETKGCuI6HtTGtzv30PSgvfu8VZALbLxp4YCc4wkQb5k1o/agz7UdG6iONBJCZiEtNBvmCWzAXoKrFSUiAp6oP8V2/o89AFD7lkWnctM0A7YgoFlxDneqGGgPEpG0M3oR5zQdvRIn1Mz0PN0KcBKCokXYjweyNirtYz10kmXYZ3etmbi/953RBH13YkvCBE8Pj8EAoJi0OaK5HUAnQoFCCyeXKgwqOcKYYISlDGeSKGSU+5pA9r+ftV0rosWeVSpVEuVCtpM1lySs5IkVjkilTJDamTJuHkgTyRZ/JiPBqvxpvx/jOaMdKdY/IHxsc3m1CZPg==</latexit>

ij

<latexit sha1_base64="Wi/NTIDS1/jeqVG96b0ppBwv1Ys=">AAAB9HicbVC7TsNAEDyHVwivACXNiQiJKrJRJEgXiYYyIPKQEitaXzbhyPmhu3WkKMof0EJFh2j5Hwr+Bdu4gISpRjO72tnxIiUN2fanVVhb39jcKm6Xdnb39g/Kh0dtE8ZaYEuEKtRdDwwqGWCLJCnsRhrB9xR2vMl16nemqI0Mg3uaRej6MA7kSAqgRLqTj4Nyxa7aGfgqcXJSYTmag/JXfxiK2MeAhAJjeo4dkTsHTVIoXJT6scEIxATG2EtoAD4ad54lXfCz2ACFPELNpeKZiL835uAbM/O9ZNIHejDLXir+5/ViGl25cxlEMWEg0kMkFWaHjNAyqQD5UGokgjQ5chlwARqIUEsOQiRinHRSSvpwlr9fJe2LqlOr1m9rlUY9b6bITtgpO2cOu2QNdsOarMUEG7En9sxerKn1ar1Z7z+jBSvfOWZ/YH18Azrwkek=</latexit>

12

<latexit sha1_base64="jePYgcbX0YZ3IFYcOZHn9WrfD/A=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHYJiXIj8eIRjTwS2JDeocEJs4/M9JIQwh941ZM349X/8eC/uLvuQcE6Vaq609XlRUoasu1Pq7CxubW9U9wt7e0fHB6Vj086Joy1wLYIVah7HhhUMsA2SVLYizSC7ynsetOb1O/OUBsZBg80j9D1YRLIsRRAiXTv1Iblil21M/B14uSkwnK0huWvwSgUsY8BCQXG9B07IncBmqRQuCwNYoMRiClMsJ/QAHw07iJLuuQXsQEKeYSaS8UzEX9vLMA3Zu57yaQP9GhWvVT8z+vHNL52FzKIYsJApIdIKswOGaFlUgHykdRIBGly5DLgAjQQoZYchEjEOOmklPThrH6/Tjq1qlOvNu7qlWYjb6bIztg5u2QOu2JNdstarM0EG7Mn9sxerJn1ar1Z7z+jBSvfOWV/YH18A4wZkXk=</latexit>

13

<latexit sha1_base64="uWvKwo8nfJqHBicNx3oXsyw0YYI=">AAAB9HicbVC7TsNAEDyHVwivACXNiQiJKrIhEqSLREMZEHlIiRWtL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gISpRjO72tnxIiUN2fanVVhb39jcKm6Xdnb39g/Kh0dtE8ZaYEuEKtRdDwwqGWCLJCnsRhrB9xR2vMlN6nemqI0MgweaRej6MA7kSAqgRLp3Lgflil21M/BV4uSkwnI0B+Wv/jAUsY8BCQXG9Bw7IncOmqRQuCj1Y4MRiAmMsZfQAHw07jxLuuBnsQEKeYSaS8UzEX9vzME3ZuZ7yaQP9GiWvVT8z+vFNLp25zKIYsJApIdIKswOGaFlUgHyodRIBGly5DLgAjQQoZYchEjEOOmklPThLH+/StoXVadWrd/VKo163kyRnbBTds4cdsUa7JY1WYsJNmJP7Jm9WFPr1Xqz3n9GC1a+c8z+wPr4Bo2okXo=</latexit>

23

<latexit sha1_base64="bkWpHCnqhBvOcwrCEOpOjr1pThc=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmIzGxIndIonQkNpZoREjgQvaWATfsfWR3joQQ/oGtVnbG1v9j4X/x7rxCwVe9vDeTefO8SElDtv1pFdbWNza3itulnd29/YPy4dGDCWMtsC1CFequxw0qGWCbJCnsRhq57ynseJPr1O9MURsZBvc0i9D1+TiQIyk4JdJd7WJQrthVOwNbJU5OKpCjNSh/9YehiH0MSChuTM+xI3LnXJMUChelfmww4mLCx9hLaMB9NO48S7pgZ7HhFLIINZOKZSL+3phz35iZ7yWTPqdHs+yl4n9eL6bRlTuXQRQTBiI9RFJhdsgILZMKkA2lRiKeJkcmAya45kSoJeNCJGKcdFJK+nCWv18lD7WqU682buuVZiNvpggncArn4MAlNOEGWtAGASN4gmd4sabWq/Vmvf+MFqx85xj+wPr4Bo84kXs=</latexit>

CNP [TeV�2]  X , ⇤NP [TeV] � 1/
p
X

<latexit sha1_base64="gU/aVQtUBQejmDMfkgn12xEtiKE="></latexit>

( Re , Im )
…

…

…
…

…

…
…

…

…
…

…

…
…

…

…
…

…

…
…

…
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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>

VCKMNP

YU

YD

FLAVOR  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 Flavor space imprints NP 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>

LSMEFT = LSM +
X

i,d>4

CiO
(d)
i

⇤d�4
NP

<latexit sha1_base64="rMqw+TiDtQv3VXqBIgXX2/smec8="></latexit>

 BOUNDS  —  A modern viewΔF = 2
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Let’s take for instance:

—>   , still subject to Flavor constraints ! ΔF = 0

1)  If aligned with YU : 

2)  If aligned with YD : 

dL,i → V1j dL, j

u1,L → V†
1j uL, j

—>   K − K̄

—>  D − D̄

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)

Note that misalignment of NP in Flavor space is not 
relevant for fully right-handed quark operators.

O
uu
ijkl = ūi�µuj ūk�

µ
ul

<latexit sha1_base64="02EOjkOob1kAT8FlWty09SKL9zc="></latexit>

well constrained only in 1212

O
QQ
1111 = (Q̄1�µQ1)

2

<latexit sha1_base64="knRYj7XLhSAmD+fFSaZhUt51YJI="></latexit>

⇤QQ1111

NP &

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

(independent of flavor alignment)

 BOUNDS  —  A modern viewΔF = 2
Phys.Lett.B 799 (2019) 135062



Along the same line,  
also remaining 4-quark  
operators are generally  

well probed by  !ΔF = 2

O
Qd(1,8)

ijkl , O
Qu(1,8)

ijkl

<latexit sha1_base64="jKaoXSv3KHN3lAxE0mgzXtMujWc=">AAACH3icbZDJTgJBEIZ7cEPcUI9eOhITjITMGBLwRuLFm5DIkrClpymwpWdJd40JmcxD+Ag+hVc9eTNeOfguziAHBev05/urUlW/7Uuh0TRnRmptfWNzK72d2dnd2z/IHh41tRcoDg3uSU+1baZBChcaKFBC21fAHFtCy55cJ37rEZQWnnuHUx96Dhu7YiQ4wxgNshe3/bA+7Id5q1A5j6JBKB4mMiokNFimg2zOLJrzoqvCWogcWVRtkP3qDj0eOOAil0zrjmX62AuZQsElRJluoMFnfMLG0ImlyxzQvXD+VETPAs3Qoz4oKiSdQ/g9ETJH66ljx50Ow3u97CXwP68T4KjSC4XrBwguTxahkDBfpLkScVpAh0IBIksuBypcypliiKAEZZzHMIjjy8R5WMvfr4rmZdEqFa/qpVy1vEgmTU7IKckTi5RJldyQGmkQTp7IC3klb8az8W58GJ8/rSljMXNM/pQx+wai4KJK</latexit>

<latexit sha1_base64="xTpr4bpXtpkojJ/QkRECIFk12rc="></latexit>

⇤�F=1
NP & 104 TeV

⇤�F=0
NP & 102 TeV

Strongest non-trivial bounds:

 BOUNDS  —  A modern viewΔF = 2
Phys.Lett.B 799 (2019) 135062



 BOUNDS  —  RGE drivenΔF = 2

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

⇤NP & 15 TeV

L.Reina, PoS LHCP2019 (2019) 100

<latexit sha1_base64="EMMcmYAwWaeKy4GNfmeGQMGCS8s="></latexit>

O
LeQu
ijkl ⌘ L̄iej✏ Q̄kul

mixes into ΔF = 2 operators in the up sector via  
YU YL —> constraints from D-D mixing only—

<latexit sha1_base64="IWLD9WzmqIfuIoDcHbVeMyALAWw="></latexit>

O
LedQ
ijkl ⌘ L̄iej d̄kQl

mixes into ΔF = 2 operators in the down sector via 
YD YL —>  constraints from K-K & B-B mixing only——

Phys.Lett.B 799 (2019) 135062



OTHER BOUNDS FROM RGE

ūi�µ[T
a]uj d̄k�

µ[T a]dl

<latexit sha1_base64="cIgem+lbyLJ74v2zAzEWXW2zBnw="></latexit>

O
ud1[8]

ijkl

<latexit sha1_base64="GvaK9i/1wgXCsbkhWc02aRinrJE=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQiJKrJRJEIXQUNHkMhDShzrfNmEI+eH7tZIwfIP8BW0UNEhWv6Cgn/BMSkgYarRzK52drxICo2W9WksLC4tr6wW1orrG5tb2+bOblOHseLQ4KEMVdtjGqQIoIECJbQjBcz3JLS80cXEb92D0iIMbnAcgeOzYSAGgjPMJNfcv+olcb+X2J2qk6ZuIu5GMnXNklW2ctB5Yk9JiUxRd82vbj/ksQ8Bcsm07thWhE7CFAouIS12Yw0R4yM2hE5GA+aDdpI8fUqPYs0wpBEoKiTNRfi9kTBf67HvZZM+w1s9603E/7xOjIOqk4ggihECPjmEQkJ+SHMlslqA9oUCRDZJDlQElDPFEEEJyjjPxDjrqZj1Yc9+P0+aJ2W7Uj67rpRq59NmCuSAHJJjYpNTUiOXpE4ahJMH8kSeyYvxaLwab8b7z+iCMd3ZI39gfHwDulmZ+g==</latexit>

Q̄i�µ[T
a]uj✏ Q̄l�µ[T

a]dj

<latexit sha1_base64="38chh3eN3YqS/3I+IS7Rye93hgY="></latexit>

O
QuQd1[8]

ijkl

<latexit sha1_base64="otHLBATrOCNpf26wXffkKJIbNE8=">AAACCnicbVC7TsNAEDyHVwivABINzYkIiSqyUSRCF0FDRyKRh5Q41vmyCUfOD92tkSLjP+AraKGiQ7T8BAX/gmNSQMJUo5ld7ey4oRQaTfPTyC0tr6yu5dcLG5tb2zvF3b2WDiLFockDGaiOyzRI4UMTBUrohAqY50pou+PLqd++B6VF4N/gJATbYyNfDAVnmEpO8eC6HzeixqAfW92qnSROLO7GMnGKJbNsZqCLxJqREpmh7hS/eoOARx74yCXTumuZIdoxUyi4hKTQizSEjI/ZCLop9ZkH2o6z/Ak9jjTDgIagqJA0E+H3Rsw8rSeem056DG/1vDcV//O6EQ6rdiz8MELw+fQQCgnZIc2VSIsBOhAKENk0OVDhU84UQwQlKOM8FaO0qULahzX//SJpnZatSvm8USnVLmbN5MkhOSInxCJnpEauSJ00CScP5Ik8kxfj0Xg13oz3n9GcMdvZJ39gfHwDDuaasA==</latexit>

Phys.Lett.B 799 (2019) 135062



SMEFT: A FLAVORFUL SUMMARY

FLAVOR MISALIGNMENT

SMEFT RGE

Interesting future directions ahead:

—>  IMPACT OF OTHER FLAVOR MEASUREMENTS  (e.g., ΔF = 1 FCNCs)

—>  INTERPLAY WITH DI-BOSON SEARCHES / EW PRECISION / HIGGS / TOP PHYSICS

See recent work in:  2003.05432 (R.Aoude et al.) , 2005.05366 (D.A.Faroughy et al.) , 
                                    2009.07276 (J.Aebischer et al.) , 2101.07273 (S.Bruggisser et al.)                                             

 See previous talks by David Marzocca and by Gudrun Hiller !

poorly constrained

Phys.Lett.B 799 (2019) 135062  (arXiv:1812.10913)



BACK-UP



Leading-log RGE effects may be also relevant …  

A�F=2
NP . A�F=2

SM "�F=2

<latexit sha1_base64="RjnfaSeCEB0RgWFXdXIuk4zIOD4="></latexit>

A�F=1
NP . A�F=1

SM "�F=1

<latexit sha1_base64="S0lx4ghai/+bmqZvlcIbz6cCg8o="></latexit>

A

<latexit sha1_base64="FrGBqEkJB1b6hskx/kAiE76BJIk=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrIREtAFaCiDRB5SYkXryyaccn7obo0UWRFfQQsVHaLlWyj4F2zjAhKmGs3samfHi5Q0ZNufVmlpeWV1rbxe2djc2t6p7u61TRhrgS0RqlB3PTCoZIAtkqSwG2kE31PY8SbXmd95QG1kGNzRNELXh3EgR1IApVKv7wPdC1DJ5WxQrdl1OwdfJE5BaqxAc1D96g9DEfsYkFBgTM+xI3IT0CSFwlmlHxuMQExgjL2UBuCjcZM88owfxQYo5BFqLhXPRfy9kYBvzNT30sksopn3MvE/rxfT6NxNZBDFhIHIDpFUmB8yQsu0C+RDqZEIsuTIZcAFaCBCLTkIkYpxWk4l7cOZ/36RtE/qzmn94va01rgqmimzA3bIjpnDzliD3bAmazHBQvbEntmL9Wi9Wm/W+89oySp29tkfWB/fQImV6A==</latexit>

being short-distance amplitude, "�F=i

<latexit sha1_base64="Uhwov+eNFoLsMOfdBq78wp/P8io=">AAACEHicbVC7SgNREL0bXzG+Vi21uBgEq7ArAbUQgopYRjAPSEKYvZnES+4+uHc2EJY0foJfYauVndj6Bxb+i5uYQhNPdeacGWbmeJGShhzn08osLC4tr2RXc2vrG5tb9vZO1YSxFlgRoQp13QODSgZYIUkK65FG8D2FNa9/OfZrA9RGhsEdDSNs+dALZFcKoFRq2/vNAWiMjFRplTSvUBHwa37O5Yjztp13Cs4EfJ64U5JnU5Tb9lezE4rYx4CEAmMarhNRKwFNUigc5ZqxwQhEH3rYSGkAPppWMvlixA9jAxTyCDWXik9E/D2RgG/M0PfSTh/o3sx6Y/E/rxFT97SVyCCKCQMxXkRS4WSREVqm8SDvSI1EML4cuQy4AA1EqCUHIVIxTvPKpXm4s9/Pk+pxwS0Wzm6L+dLFNJks22MH7Ii57ISV2A0rswoT7IE9sWf2Yj1ar9ab9f7TmrGmM7vsD6yPbwXGnBw=</latexit>

amount of NP allowed in �F = i

<latexit sha1_base64="ESFH6Unt0/wheX7wCkBQkUbFTqQ=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKexKQD0IQUU8RjAPyIbQO+nEIbMPZnqFEAJ+hVc9eROv/ooH/8XddQ8arVNR1U1Xlxcpaci2P6zCwuLS8kpxtbS2vrG5Vd7eaZkw1gKbIlSh7nhgUMkAmyRJYSfSCL6nsO2NL1K/fY/ayDC4pUmEPR9GgRxKAZRIrnuJioBf8TMu++WKXbUz8L/EyUmF5Wj0y5/uIBSxjwEJBcZ0HTui3hQ0SaFwVnJjgxGIMYywm9AAfDS9aZZ5xg9iAxTyCDWXimci/tyYgm/MxPeSSR/ozsx7qfif141peNKbyiCKCQORHiKpMDtkhJZJGcgHUiMRpMmRy4AL0ECEWnIQIhHjpJ1S0ocz//1f0jqqOrXq6U2tUj/PmymyPbbPDpnDjlmdXbMGazLBIvbIntiz9WC9WK/W2/dowcp3dtkvWO9fDLiVFQ==</latexit>

A�F=2
SM ⇠ (YSMY †

SM)2

⇤2
EW

, A�F=2
NP ⇠ C�F=2

NP

⇤2
NP

<latexit sha1_base64="ClLjyTb7OkWGfyrx89UDJjN8qpw="></latexit>

A�F=1
SM ⇠ YSMY †

SM

⇤2
EW

, A�F=1
NP ⇠ C�F=1

NP

⇤2
NP

<latexit sha1_base64="uBRw1M40cDmkjw+KWGLW2AsrJj8="></latexit>

Let’s compare bounds in the SMEFT on ΔF = 1 operators that run into ΔF = 2 via RGE : 

ΔF = 2 BOUND ON NEW PHYSICS SCALE IS STRONGER IFF:

<latexit sha1_base64="anyu6V4ymxUArj5EZR7NniVQxCU="></latexit>

C�F=2
NP ⇤2

EW

(YSMY †
SM)2"�F=2

& C�F=1
NP ⇤2

EW

YSMY †
SM"�F=1

 BOUNDS  —  A modern viewΔF = 2
Phys.Lett.B 799 (2019) 135062



Leading-log RGE effects may be also relevant …  

A�F=2
NP . A�F=2

SM "�F=2

<latexit sha1_base64="RjnfaSeCEB0RgWFXdXIuk4zIOD4="></latexit>

A�F=1
NP . A�F=1

SM "�F=1

<latexit sha1_base64="S0lx4ghai/+bmqZvlcIbz6cCg8o="></latexit>

A

<latexit sha1_base64="FrGBqEkJB1b6hskx/kAiE76BJIk=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrIREtAFaCiDRB5SYkXryyaccn7obo0UWRFfQQsVHaLlWyj4F2zjAhKmGs3samfHi5Q0ZNufVmlpeWV1rbxe2djc2t6p7u61TRhrgS0RqlB3PTCoZIAtkqSwG2kE31PY8SbXmd95QG1kGNzRNELXh3EgR1IApVKv7wPdC1DJ5WxQrdl1OwdfJE5BaqxAc1D96g9DEfsYkFBgTM+xI3IT0CSFwlmlHxuMQExgjL2UBuCjcZM88owfxQYo5BFqLhXPRfy9kYBvzNT30sksopn3MvE/rxfT6NxNZBDFhIHIDpFUmB8yQsu0C+RDqZEIsuTIZcAFaCBCLTkIkYpxWk4l7cOZ/36RtE/qzmn94va01rgqmimzA3bIjpnDzliD3bAmazHBQvbEntmL9Wi9Wm/W+89oySp29tkfWB/fQImV6A==</latexit>

being short-distance amplitude, "�F=i

<latexit sha1_base64="Uhwov+eNFoLsMOfdBq78wp/P8io=">AAACEHicbVC7SgNREL0bXzG+Vi21uBgEq7ArAbUQgopYRjAPSEKYvZnES+4+uHc2EJY0foJfYauVndj6Bxb+i5uYQhNPdeacGWbmeJGShhzn08osLC4tr2RXc2vrG5tb9vZO1YSxFlgRoQp13QODSgZYIUkK65FG8D2FNa9/OfZrA9RGhsEdDSNs+dALZFcKoFRq2/vNAWiMjFRplTSvUBHwa37O5Yjztp13Cs4EfJ64U5JnU5Tb9lezE4rYx4CEAmMarhNRKwFNUigc5ZqxwQhEH3rYSGkAPppWMvlixA9jAxTyCDWXik9E/D2RgG/M0PfSTh/o3sx6Y/E/rxFT97SVyCCKCQMxXkRS4WSREVqm8SDvSI1EML4cuQy4AA1EqCUHIVIxTvPKpXm4s9/Pk+pxwS0Wzm6L+dLFNJks22MH7Ii57ISV2A0rswoT7IE9sWf2Yj1ar9ab9f7TmrGmM7vsD6yPbwXGnBw=</latexit>

amount of NP allowed in �F = i

<latexit sha1_base64="ESFH6Unt0/wheX7wCkBQkUbFTqQ=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKexKQD0IQUU8RjAPyIbQO+nEIbMPZnqFEAJ+hVc9eROv/ooH/8XddQ8arVNR1U1Xlxcpaci2P6zCwuLS8kpxtbS2vrG5Vd7eaZkw1gKbIlSh7nhgUMkAmyRJYSfSCL6nsO2NL1K/fY/ayDC4pUmEPR9GgRxKAZRIrnuJioBf8TMu++WKXbUz8L/EyUmF5Wj0y5/uIBSxjwEJBcZ0HTui3hQ0SaFwVnJjgxGIMYywm9AAfDS9aZZ5xg9iAxTyCDWXimci/tyYgm/MxPeSSR/ozsx7qfif141peNKbyiCKCQORHiKpMDtkhJZJGcgHUiMRpMmRy4AL0ECEWnIQIhHjpJ1S0ocz//1f0jqqOrXq6U2tUj/PmymyPbbPDpnDjlmdXbMGazLBIvbIntiz9WC9WK/W2/dowcp3dtkvWO9fDLiVFQ==</latexit>

A�F=2
SM ⇠ (YSMY †

SM)2

⇤2
EW

, A�F=2
NP ⇠ C�F=2

NP

⇤2
NP

<latexit sha1_base64="ClLjyTb7OkWGfyrx89UDJjN8qpw="></latexit>

A�F=1
SM ⇠ YSMY †

SM

⇤2
EW

, A�F=1
NP ⇠ C�F=1

NP

⇤2
NP

<latexit sha1_base64="uBRw1M40cDmkjw+KWGLW2AsrJj8="></latexit>

RGE in the SMEFT implies: C�F=2
NP = YSMY †

SM C�F=1
NP R

<latexit sha1_base64="9ZR+sODloCkSH/mX2YQ6nJ1/Xug="></latexit>

⌘ 1

16⇡2
log

✓
⇤NP

⇤EW

◆

<latexit sha1_base64="S1l/9vOUxYxl9u0xm2ql9YDX7FI="></latexit>

⇠ O(%)

<latexit sha1_base64="8LK3PCvGaCz+UjDAvZLX5QARbag=">AAACCHicbVC7TsNAEDzzDOEVHh3NiShSaCIbRQK6CBo6gkQeUhxF68sGTjk/dLdGClZ+gK+ghYoO0fIXFPwLdkgBCVONZna1s+NFShqy7U9rYXFpeWU1t5Zf39jc2i7s7DZNGGuBDRGqULc9MKhkgA2SpLAdaQTfU9jyhheZ37pHbWQY3NAowq4Pt4EcSAGUSr3Cvmukz10f6E6ASq7GZbd01CsU7Yo9AZ8nzpQU2RT1XuHL7Yci9jEgocCYjmNH1E1AkxQKx3k3NhiBGMItdlIagI+mm0zSj3kpNkAhj1BzqfhExN8bCfjGjHwvncximlkvE//zOjENTruJDKKYMBDZIZIKJ4eM0DKtBXlfaiSCLDlyGXABGohQSw5CpGKc9pRP+3Bmv58nzeOKU62cXVeLtfNpMzl2wA5ZmTnshNXYJauzBhPsgT2xZ/ZiPVqv1pv1/jO6YE139tgfWB/fWQCZGA==</latexit>

Let’s compare bounds in the SMEFT on ΔF = 1 operators that run into ΔF = 2 via RGE : 

R & "�F=2/"�F=1

<latexit sha1_base64="h6cM/xyFA9TOaTt19fEwnCWlk7Y="></latexit>

THEN, ΔF = 2 BOUND RELEVANT IFF

 BOUNDS  —  A modern viewΔF = 2
Phys.Lett.B 799 (2019) 135062


