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FLAVOUR IS ESSENTIALLY A BEYOND THE  SM CONCEPT  

AND A NEW PHYSICS SCALE RELEVANT FOR THE

FLAVOUR SECTOR MAY BE DIFFERENT FROM THE  
SCALE

OF THE BSM PHYSICS LINKED TO THE BROUT-ENGLERT-
HIGGS MECHANISM IN THE SM AND ITS HIERARCHY 
PROBLEM



• HIGGS BOSON PRODUCTION AND DECAYS, DIRECTLY DEPENDENT ON THE 
YUKAWA COUPLINGS (COLLIDERS)

• VERY HIGH PRECISION LOW ENERGY FLAVOUR OBSERVABLES, INCLUDING 
MAGNETIC AND ELECTRIC DIPOLE MOMENTS AND A VARIETY OF FCNC 
PROCESSES, DEPENDENT ON THE YUKAWA COUPLINGS VIA  HIGGS 
EXCHANGE CONTRIBUTIONS TO THEIR AMPLITUDES  (TESTING NON-
DIAGONAL)

SEVERAL SOURCES OF INFORMATION ON THE BSM PHYSICS IN YUKAWAS:
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TESTING  SO FAR DIAGONAL COUPLINGS



I’LL FOCUS ON THE CP VIOLATION IN YUKAWA 
COUPLINGS  AND THE POTENTIAL FOR THE BSM
PHYSICS DISCOVERY IN THE HIGGS DECAYS,
GIVEN THE HIGH PRECISION OF THE FCNC DATA



IN THE  SMEFT FRAMEWORK, INCLUDING DIM 6 OPERATORS, THERE 
IS ONLY ONE OPERATOR CONTRIBUTING TO YUKAWA COUPLINGS:

ARE 3x3 COMPLEX  MATRICES IN THE FLAVOUR SPACEY 0, C 0
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SM:

(AND SIMILARLY FOR THE UP AND DOWN FERMIONS)



FLAVOUR STRUCTURE OF THE BSM PHYSICS CONTRIBUTING 
TO YUKAWA COUPLINGS,  THAT IS THE FLAVOUR STRUCTURE
OF THE MATRICES       ?

WHAT CAN WE EXPECT FOR  SUCH A FLAVOUR STRUCTURE ?

C 0
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IN THE LINEAR IN YUKAWAS APPROXIMATION

MOTIVATED BY CONTROL ON THE FCNC

Family blind complex number



Similarly for MFV with higher order terms in the Yukawa spurion

MOTIVATED BY THE STRUCTURE OF MASSES AND MIXING



2HDM WITH Z_2 symmetry in the electroweak basis,
after integrating out the heavier states

The Yukawa couplings of the physical higgs similar as above, 
with Lambda= m_Heavy
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A UV COMPLETE MODEL AS THE ORIGIN OF THE EFT OPERATOR:



THE EFFECTIVE COUPLING MATRICES IN THE FERMION MASS EIGENSTATE
BASIS:

ŶF = YF +
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MFV:

NO NON-DIAGONAL COUPLINGS

FN: CF,ii = O(YF,ii)e
i✓F,ii CF,ij = O(1)✏nQi+nFjei✓F,ii
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2HDM:

YF = diag(mF,i)/v
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MORE COMMON NOTATION FOR DIAGONAL COUPLINGS

Leff = �mf

v
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TWO KINDS OF PREDICTIONS:

1) NEW MASS SCALE INDEPENDENT CORRELATIONS BETWEEN DIFFERENT OBSERVABLES,
E.G. CORRELATIONS BETWEEN ELECTRON AND TAUON  OBSERVABLES

BOUNDS ON CP VIOLATION IN YUKAWAS

2) NEW BOUNDS ON THE BSM MASS SCALES; DIRECT LHC BOUNDS FROM HIGGS 
PRODUCTION AND DECAYS COMPARED TO FCNC BOUNDS



|̃|

COME FROM THE ELECTRON EDM, WHICH IS GIVEN BY THE TWO-LOOP BARR-
ZEE DIAGRAM

EXPERIMENTAL BOUNDS ON           WITHOUT AND WITH 
FLAVOUR STRUCTURE OF THE WILSON COEFFICIENTS OF THE 
DIM 6 OPERATORS          

EXAMPLE 1
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BARR-ZEE DIAGRAM  CONTRIBUTION TO THE ELECTRON EDM:

de
e

⇠ [e̃ff1(x) + ̃eff2(x)] x =
m2

f

m2
h

̃e  0.0017

|̃t|  0.0012 |̃b|  0.27 |̃⌧ |  0.3

|de| < 1.1⇥ 10�29e cm

WITHOUT ANY FLAVOUR STRUCTURE, FOR THE THIRD GENERATION 
FERMIONS RUNNING IN THE LOOP ONE GETS THE BOUNDS (E. FUCHS, M. LOSADA,
Y. NIR, Y. VIERNIK, arXiv:2003.00099)

ONE  CAN ALSO FIND THAT



SINCE IN GENERAL
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WITH THE BOUND ̃e  0.0017 ONE GETS

HENCE, WITH FLAVOUR STRUCTURE
MFV,
2HDM: ̃⌧  0.0017 FN: ̃⌧  O(1)⇥ 0.0017



FOR SEVERAL NP  CONTRIBUTIONS TO THE BARR-ZEE DIAGRAM

̃eff = 2.68̃e + 3.82̃t + 0.019̃b + 0.015̃⌧ < 0.0045|exp

FOR
̃e ⇡ ̃⌧ ⇡ 0.3
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ONE NEEDS CANCELLATIONS  1:1000



ELECTROWEAK BARYOGENESIS: TO EXPLAIN THE BARYON 
ASYMMETRY OF  THE UNIVERSE WITH A SINGLE COMPLEX YUKAWA 
COUPLING  ONE NEEDS (FUCHS ET AL)

|̃t| ⇡ 0.06 |̃b| ⇡ 3 |̃⌧ | ⇡ 0.12

NO FLAVOUR  STRUCTURE FOR DIM  6 OPERATORS-à
COMPLEX TAU YUKAWA COULD SAVE BARYOGENESIS

EXP BOUNDS: |̃t|  0.0012 |̃b|  0.27 |̃⌧ |  0.3

BUT….with flavour structure about two orders of magnitude
are missing



EXAMPLE  2:

COMPARISON OF THE LOWER BOUNDS ON THE SCALE OF BSM

PHYSICS CONTRIBUTING TO THE            EFFECTIVE COUPLINGS

OBTAINED FROM THE COLLIDER DATA AND THE VARIETY OF

FCNC DATA (SEE G. BLANKENBURG, J. ELLIS, G. ISIDORI, 
arXiv: 1202.5704, FOR  BOUNDS ON THE OFF-DIAGONAL

f̄fh

f̄fh

DIAGONAL  VS NONDIAGONAL



THIS IS  MUCH MORE MODEL DEPENDENT AS  A GIVEN UV COMPLETION MAY ALSO GENERATE DIM 6

FOUR-FERMION OPERATORS.

In the EFT approach one can consider  one operator at  the time (all of them consistent
with the assumed flavour structure) and compare the limits for the new scale

ASSUMPTION: THE ONLY SOURCE OF 4-FERMION OPERATORS CONTRIBUTING
TO THE FCNC IS THE HIGGS EXCHANGE 

FIRST, TAKE FN MODELS

For the UV complete model (2HDM) one can use the calculable Wilson coefficients



FROM HIGGS PRODUCTION AND DECAYS AT THE LHC (diagonal couplings)

FROM THE BOUNDS ON THE ABSOLUTE VALUES OF  |ŶdsŶ
⇤
sd|

(from K-K mixing) 

IN PARTICULAR, THOSE  ARE THE ONLY BOUNDS IF THE IMAGINARY PARTS OF 
THE COUPLINGS ARE SUPPRESSED BY SMALL PHASES AND NOT BY THE LARGE 
SCALE (APPROXIMATELY CP CONSERVING SCENARIO)

⇤ > 0.6 TeV
<latexit sha1_base64="KzdTJ/6pxK/TYUdxnYHu33RYrNw=">AAAB+nicdVDJSgNBFOyJW4zbRI9eGoPgaZiJop4k6MWDhwjZIBlCT8+bpEnPQnePEsb4J148KOLVL/Hm39hZhLgVPCiq6vEe5SWcSWXbH0ZuYXFpeSW/Wlhb39jcMovbDRmngkKdxjwWLY9I4CyCumKKQysRQEKPQ9MbXIz95g0IyeKopoYJuCHpRSxglCgtdc1i50qHfYLPbOsY39eg0TVLjmVPgO1f5MsqoRmqXfO948c0DSFSlBMp246dKDcjQjHKYVTopBISQgekB21NIxKCdLPJ6yO8rxUfB7HQEyk8Uec3MhJKOQw9nQyJ6suf3lj8y2unKjh1MxYlqYKITg8FKccqxuMesM8EUMWHmhAqmP4V0z4RhCrdVmG+hP9Jo2w5h1b5+qhUOZ/VkUe7aA8dIAedoAq6RFVURxTdogf0hJ6NO+PReDFep9GcMdvZQd9gvH0CFSGSlg==</latexit>

ALMOST INDEPENDENT OF THE FLAVOUR STRUCTURE

⇤ > 0.7 TeV
<latexit sha1_base64="BnPohML9jg46SekW79SfRLaDxKc=">AAAB+nicdVDJSgNBFHwTtxi3iR69NAbB0zAThXiSoBcPHiJkg2QIPT09SZOehe4eJYzxT7x4UMSrX+LNv7GzCHEreFBU1eM9yks4k8q2P4zc0vLK6lp+vbCxubW9YxZ3mzJOBaENEvNYtD0sKWcRbSimOG0nguLQ47TlDS8mfuuGCsniqK5GCXVD3I9YwAhWWuqZxe6VDvsYndlWBd3XabNnlhzLngLZv8iXVYI5aj3zvevHJA1ppAjHUnYcO1FuhoVihNNxoZtKmmAyxH3a0TTCIZVuNn19jA614qMgFnoihabq4kaGQylHoaeTIVYD+dObiH95nVQFp27GoiRVNCKzQ0HKkYrRpAfkM0GJ4iNNMBFM/4rIAAtMlG6rsFjC/6RZtpxjq3x9Uqqez+vIwz4cwBE4UIEqXEINGkDgFh7gCZ6NO+PReDFeZ9GcMd/Zg28w3j4BFqqSlw==</latexit>



ADDING 4-FERMION OPERATOR GENERATED BY TREE LEVEL HIGGS 
EXCHANGE WITH GENERIC NONDIAGONAL WILSON COEFFICIENTS OF THE DIM 6  OPERATOR

SURPRISINGLY LOW BOUNDS FROM FCNC?

v2

⇤2
f̄ifjh ! ⇤ > O(60)TeV



ADDING 4-FERMION OPERATOR GENERATED BY TREE LEVEL HIGGS
EXCHANGE WITH NONDIAGONAL WILSON COEFFICIENTS OF THE  DIM 6 
OPERATOR CONTROLLED BY FROGGATT-NIELSEN  MODELS   

Cij ⇡ O(1)✏nQi+ndj ei✓ij

✏ = 0.23 (Cabibbo angle)nQi , ndj

-FERMION CHARGES GIVING
GOOD DESCRIPTION OF FERMION 

MASSES AND MIXING

ŶsdŶds ⇠
mdms

v2
v4

⇤4

Cij
v2

⇤2
f̄ifjh

THEREFORE
! ⇤ > 0.7 TeV
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WHAT ABOUT GENUINE 4-FERMION OPERATORS GENERATED  IN THE PRESENCE OF
A FN SYMMETRY?

1

⇤̃2
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v4

⇤4

1

m2
h
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! ⇤̃ > 1TeV
<latexit sha1_base64="9b5WIB3jY3gxgxDXB0aFcctVRJ8=">AAACCXicdVC7SgNBFJ2NrxhfUUubwSBYhd0oaCVBGwuLCHlBNoTZ2ZtkyOyDmbtKWNLa+Cs2ForY+gd2/o2ThxBfBy4czrmHmXu8WAqNtv1hZRYWl5ZXsqu5tfWNza389k5dR4niUOORjFTTYxqkCKGGAiU0YwUs8CQ0vMHF2G/cgNIiCqs4jKEdsF4ouoIzNFInT10len1kSkW3qYtC+uBembjPRmcOrUK9ky84RXsCav8iX1aBzFDp5N9dP+JJACFyybRuOXaM7ZQpFFzCKOcmGmLGB6wHLUNDFoBup5NLRvTAKD7tRspMiHSizidSFmg9DDyzGTDs65/eWPzLayXYPW2nIowThJBPH+omkmJEx7VQXyjgKIeGMK6E+SvlfaYYR1Nebr6E/0m9VHSOiqXr40L5fFZHluyRfXJIHHJCyuSSVEiNcHJHHsgTebburUfrxXqdrmasWWaXfIP19gmNsJo2</latexit>

SUMMARY FOR FN MODELS:

! ⇤ > O(1) TeV
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FITS TO DIAGONAL COUPLINGS (LHC)
HIGGS EXCHANGE CONTRIBUTION TO FCNC
DIM 6 FOUR-FERMION OPERATORS



2HDM WITH Z_2 symmetry in the electroweak basis,
after integrating out the heavier states

The Yukawa couplings of the physical higgs similar as above, 
with Lambda= m_Heavy
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<latexit sha1_base64="ltpIynyOqp8/b6hueH6rzvAl1Rs=">AAACEHicbVA7T8MwGHTKq5RXgJHFokIwVUlBwFjB0rFI9CE1IXIcJ7XqOJHtIFVRfwILf4WFAYRYGdn4N7htBtpykqXz3X2yv/NTRqWyrB+jtLK6tr5R3qxsbe/s7pn7Bx2ZZAKTNk5YIno+koRRTtqKKkZ6qSAo9hnp+sPbid99JELShN+rUUrcGEWchhQjpSXPPHWYDgfIu2x69oMToCgiAmo+f617ZtWqWVPAZWIXpAoKtDzz2wkSnMWEK8yQlH3bSpWbI6EoZmRccTJJUoSHKCJ9TTmKiXTz6UJjeKKVAIaJ0IcrOFX/TuQolnIU+zoZIzWQi95E/M/rZyq8dnPK00wRjmcPhRmDKoGTdmBABcGKjTRBWFD9V4gHSCCsdIcVXYK9uPIy6dRr9nmtfndRbdwUdZTBETgGZ8AGV6ABmqAF2gCDJ/AC3sC78Wy8Gh/G5yxaMoqZQzAH4+sXPaObcA==</latexit>
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FOR                                          FIXED

BY THE BEST FIT TO THE
HIGGS PRODUCTION AND DECAY DATA

�6

m2
H<latexit sha1_base64="6IvTz2Pc311tWI/Z9+bgHf7K20M=">AAACAHicdVDLSgMxFM34rPU16sKFm2ARXJWZKuqy6KbLCvYBnXHIZDJtaJIZkoxQhtn4K25cKOLWz3Dn35g+hPo6cOFwzj0k94Qpo0o7zoe1sLi0vLJaWiuvb2xubds7u22VZBKTFk5YIrshUoRRQVqaaka6qSSIh4x0wuHV2O/cEaloIm70KCU+R31BY4qRNlJg73uxRDj3mIlEKDgrcn5bCxpFYFfcqjMBdH6RL6sCZmgG9rsXJTjjRGjMkFI910m1nyOpKWakKHuZIinCQ9QnPUMF4kT5+eSAAh4ZJYJxIs0IDSfqfCJHXKkRD80mR3qgfnpj8S+vl+n4ws+pSDNNBJ4+FGcM6gSO24ARlQRrNjIEYUnNXyEeINOINp2V50v4n7RrVfekWrs+rdQvZ3WUwAE4BMfABeegDhqgCVoAgwI8gCfwbN1bj9aL9TpdXbBmmT3wDdbbJ65VlnQ=</latexit>



EFFECTIVE 4-FERMION  OPERATORS COMING FROM CHARGED HIGGS EXCHANGE

GIVE LOWER BOUND ON THE HEAVY MASS (TO BE CHECKED)



EFT APPROACH WITH MFV HYPOTHESIS INCLUDEs NON-HIGGS EXCHANGE 4-fermion
FCNC OPERATORS LEADING TO MUCH STRONGER BOUNDS ON THE SCALE OF NEW PHYSICS
THAN THE BOUNDS ON NEW PHYSICS SCALE IN THE YUKAWA FROM HIGGS PRODUCTION
AND DECAY

SUMMARY FOR MFV

LHC FITS TO THE. HIGGS DECAYS ⇤ > 0.6 TeV
<latexit sha1_base64="r1XxAjJ5T2xWE/JwNtg5AkabA1U=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFdIq6kqKbly4qNAXtKFMJjft0MkkzEwKJdQvceNCEbf+iTv/xulDqK8DFw7nnMu9HD/hTGnX/bByS8srq2v59cLG5tb2jr2711BxKinUacxj2fKJAs4E1DXTHFqJBBL5HJr+4HriN4cgFYtFTY8S8CLSEyxklGgjdW27c2vCAcGXrnN2X4NG1y6WHHcK7P4iX1YRzVHt2u+dIKZpBEJTTpRql9xEexmRmlEO40InVZAQOiA9aBsqSATKy6afj/GRUQIcxtKM0HiqLm5kJFJqFPkmGRHdVz+9ifiX1051eOFlTCSpBkFnh8KUYx3jSQ04YBKo5iNDCJXM/Ippn0hCtSmrsFjC/6RRdkonTvnutFi5mteRRwfoEB2jEjpHFXSDqqiOKBqiB/SEnq3MerRerNdZNGfNd/bRN1hvn7tikmw=</latexit>

HIGGS EXCHANGE TO FCNC.  --à.   NO CONTRIBUTION

DIM 6  FOUR FERMION OPERATORS ⇤ > 6 TeV
<latexit sha1_base64="c+LO0Itq/wE9xFerCj2/r1gf4s8=">AAAB9XicdVDJSgNBFHzjGuMW9eilMQiewkwU9SRBLx48RMgGyRh6et4kTXoWunuUEOJ3ePGgiFf/xZt/Y2cR4lbwoKiqx3uUlwiutG1/WHPzC4tLy5mV7Ora+sZmbmu7puJUMqyyWMSy4VGFgkdY1VwLbCQSaegJrHu9i5Ffv0WpeBxVdD9BN6SdiAecUW2km9aVifqUnB3fV7DWzuWdgj0GsX+RLysPU5TbufeWH7M0xEgzQZVqOnai3QGVmjOBw2wrVZhQ1qMdbBoa0RCVOxh/PST7RvFJEEszkSZjdXZjQEOl+qFnkiHVXfXTG4l/ec1UB6fugEdJqjFik0NBKoiOyagC4nOJTIu+IZRJbn4lrEslZdoUlZ0t4X9SKxacw0Lx+ihfOp/WkYFd2IMDcOAESnAJZagCAwkP8ATP1p31aL1Yr5PonDXd2YFvsN4+AWMNkck=</latexit>



LOW  BOUNDS- INTERESTING PROSPECTS FOR FUTURE EXPERIMENTS

--à DEVIATIONS UP TO O(5)% IN THE HIIGS 
COUPLINGS STILL POSSIBLE
(GOOD NEWS FOR THE FUTURE  PRECISION 
HIGGS MEASUREMENTS IN COLLIDERS)

⇤ > O(1)TeV

IN 2HDM, THE TRIPLE HIGGS COUPLING IS LINKED TO THE FAMILY SYMMETRY (VIA THE FIT TO YUKAWAS)



SUMMARY

2) GOOD NEWS FOR COLLIDERS: A COUPLE OF PER CENT DEVIATIONS   
FROM THE SM PREDICTIONS  IN THE HIGGS COUPLINGS TO FERMIONS 
ARE STILL POSSIBLE, CONSISTENTLY WITH VERY HIGH PRECISION FCNC DATA.

I HAVE SHOWN TWO EXAMPLES OF THE ROLE  OF  THE 
FLAVOUR STRUCTURE IN THE BSM PHYSICS

1) CONSTRAINTS ON CP VIOLATION IN THE TAU YUKAWA COUPLING





ELECTROWEAK BARYOGENESIS NEEDS NEW SOURCES OF 

CP VIOLATION (BEYOND THE CKM MATRIX)



THE MOST NATURAL SCENARIO (ALTHOUGH NOT THE ONLY ONE)  IS THAT YUKAWA 
COUPLINGS HAVE A CP VIOLATING COMPONENT.  

CP VIOLATING INTERACTIONS ACROSS THE EXPANDING WALLS OF THE 

BUBBLES OF THE VEVs OF THE HIGGS FIELD WOULD CREATE A CHIRAL ASYMMETRY,

THEN CONVERTED TO A BARYON ASYMMETRY BY THE WEAK SPHALERON PROCESS.

(VERY RICH LITERATURE ON THIS SUBJECT:
most recent E. FUCHS, M.Losada, Y. Nir and Y. VIERNIK)


