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THERE’'S ALWAYS GOING TO BE A BIT OF A SM BIAS IN THE WAY WE
THINK ABOUT IT IF WE JUST THINK ABOUT IT AS ANOTHER “COUPLING”



ONE ANSWER COULD SIMPLY BE IT’S PREDICTED SO LET’S
MEASURE IT!

Higgs boson Branching Fractions

Z boson Branching Fractions

The same Higgs Branching Fractions
All major Branching Fractions are > O(1%) span 8 to 20 ORDERS OF MAGNITUDE
or more!

THE PROBLEM IS IT°S REALLY HARD BECAUSE THE HIGGS IS
DIFFERENT



NEVERTHELESS WE CAN BRUTE FORCE IT AND
ASK HOW FAR WE CAN GET EXPERIMENTALLY
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THIS CAN'T BE DONE IN ISOLATION EVEN IN A “BRUTE
FORCE” MANNER

INCREASE K,
SUPPRESS BF

FOR OTHER
MODES

LHC HAS MEASURED MANY PRODUCTION/DECAY MODES
VERY WELL
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CURRENT(ISH) CONSTRAINTS ON «.

Experiment | Reference | L(fb™1) Constraints Comments
ATLAS 23] 139 kel < 2.91 Normalization
CMS 126 138 kel < 2.92 Normalization
measurement,
ATLAS 129 139 IZCCGG( (__Qé.z67;127..237)) Sha(]feT & Normalization)
pr measurement, Shape only
CMS 30 138 ke € (—6,5.4) h + ~ associated production
CMS 24 138 1.1 < |ke| < 5.5 c-tagging
ATLAS 31] 140 ke| < 4.2 c-tagging
CMS 88] 138 kel < 3.5 tth c-tagging
CMS 32 138 ke < 38.1 h + ¢ associated production
ATLAS 22)] 139 Ke/k~y € (—153,175) h — J/vy decays
CMS [33] 138 ke € (—=7.5 % 103,7.7 x 103) h — J/yZ decays




THERE MUST BE NEW PHYSICS THAT
GENERATES LARGE SHIFTS IN THE COUPLINGS

CURRENT k. LIMITS OF A FACTOR OF A FEW
(NOT A SMALL MODIFICATION)

K,4 ~ O(10°) NEEDED TO BE CHARM LIKE

C

Uu

A?

v OHit; + QlHaj(H‘f H)



THERE MUST BE NEW PHYSICS THAT
GENERATES LARGE SHIFTS IN THE COUPLINGS

CURRENT k. LIMITS OF A FACTOR OF A FEW
(NOT A SMALL MODIFICATION)

K,4 ~ O(10°) NEEDED TO BE CHARM LIKE
C/

U
A2
2

ij ij 7
CAN CQuA >y

v OHit; + QHi(H'H)



THERE MUST BE NEW PHYSICS THAT
GENERATES LARGE SHIFTS IN THE COUPLINGS

CURRENT k. LIMITS OF A FACTOR OF A FEW
(NOT A SMALL MODIFICATION)

wd ™ @(103) NEEDED TO BE CHARM LIKE
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I\/IATRICES IN FLAVOR
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FLAVOR PHYSICS IS HIGGS PHYSICS

ij lj 3
NO YUKAWA COUPLINGS Yu» Yy ARENT

_ NO CKM MATRIX ™=  SIMULTANEOUSLY
DIAGONAL IN GAUGE

BASIS

ENLARGED GLOBAL
U(3)° SYMMETRY
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OPPORTUNITY AND CURSE

Origin of EWSB?

Thermal History of Higgs Portal
Universe to Hidden Sectors?

Naturalness Stability of Universe

Fundamental CPV and
or Composite? Baryogenesis

Is it unique? Origin of masses?

Origin of Flavor?
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ASKING ANY QUESTIONS ABOUT SHIFTING YUKAWA
COUPLINGS IMMEDIATELY REQUIRES TALKING ABOUT FLAVOR
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NO LONGER CAN DESCRIBE FLAVOR SOLELY
THROUGH CKM



LET'S MAKE A SIMPLE ESTIMATE

C/ y
ybl{QzHI/_t] T A2 QZHIZJ(HTH)
~ ] TO MAXIMIZE LIGHT YUKAWA
O(1) SHIFTS
1 2\ 7
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WITHOUT ANY FLAVOR ASSUMPTIONS

D — D MIXING IMPLIES MAXIMUM YUKAWA
COUPLING SHIFTS ARE BOUNDED FROM ABOVE

k, <107 AND k. S 1.1

WELL BELOW WHAT IS MEASURABLE AT THE LHC
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WE’RE VERY FAMILIAR WITH FLAVOR SETTING
STRINGENT BOUNDS ON NEW PHYSICS, SO IS THERE
ANY POINT TO TALK ABOUT LIGHT YUKAWAS?

WHAT ABOUT A FLAVOR ANSATZ LIKE MFV?

ASSUME ONLY SPURIONS THAT BREAK U(3)5 ARE SM
YUKAWAS

SOLELY AN ASSUMPTION AND USELESS FOR LIGHT
YUKAWAS SINCE YOU’RE ALREADY CONSTRAINED
FROM HEAVY YUKAWAS



WHAT ABOUT ALIGNMENT?
INTRODUCING ONLY DIAGONAL Cgu, Cg .

NOT SUFFICIENT GENERICALLY SINCE YOU CAN’'T KEEP IT ALIGNED VIA

SYMMETRY - ONLY A U(l)5 REPARAMETRIZATION AT LOW ENERGY AND
CKM IS CHARGED UNDER IT

IS ALL LOST FOR LIGHT YUKAWAS AT THE LHC?
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NO! SPONTANEOUS FLAVOR VIOLATION (SFV)

BUG ME ABOUT THE DETAILS IF YOU WANT, BUT FOR OUR
PURPOSES IT'S A SYMMETRY BASED AUTO-ALIGNMENT
MECHANISM IN THE RH DOWN TYPE QUARKS OR UP TYPE
QUARKS W/ A NEW SPURION

K" = diag(K ,K , K OR KP = diag(K ,K_, K,)

DOESN’T HAVE TO RESPECT SM YUKAWA HIERARCHIES -
COULD JUST HAVE A LARGE COUPLING TO CHARM QUARKS

D. Egana-Ugrinovic, S. Homiller, PM 1811.0017
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HOW TO CONNECT TO LIGHT YUKAWAS?

Co
“0.Hii(H
% QlHuj(H H)

TO MAXIMIZE THE SIZE WE NEED A PARTICLE
INTEGRATED OUT AT TREE-LEVEL

VLQ:Eredlyi, Gréber, Selimovic 2410.08272

ONLY TWO OPTIONS: 2HDM OR VLQ



SFV 2HDM (THERE AREN’T JUST 4 TYPES OF 2HDM)
EXAMPLE: MODIFYING CHARM YUKAWA

1
A2

Nothing to do with SM (h) <h>
strange Yukawa

—(chd)h?

-------- H - 2nd Higgs doublet

Coupling of 2nd Higgs
doublet to our Higgs
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PUT THEM TOGETHER AND IT CAN MODIFY “SM
HIGGS” CHARM YUKAWA

(ff) (f})
NS A S h 1 ( ch E‘) h2
/16Hh3 A2

SIMPLE PARAMETER SPACE:
MASS, COUPLING TO QUARKS, MIXING WITH
HIGGS
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WE CAN NOW PROPERLY CALCULATE FLAVOR
BOUNDS, HIGGS PROPERTIES AND
INHERENTLY CORRELATED COLLIDER SIGNALS
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WHAT DOES IT MEAN IN THE 2HDM CASE?

|7~
H
e .(~~
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e\ :
THERE IS ALWAYS A
RESONANCE SEARCH IN THIS
b — dy, ETC, CLASS OF UV COMPLETION
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HOW CHARMING CAN THE HIGGS BE?
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CAN EXTEND TO OTHER LIGHT FLAVORS
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CONCLUSIONS

If you care about measuring light Yukawa couplings at the LHC or beyond
you have to care about flavor

There are effectively two models at tree-level 2HDM and VLQs
You still need a flavor mechanism e.g. Spontaneous Flavor Violation

There is motivated/allowed parameter space but other observables come
in as well and the LHC might be the best machine even after Higgs
factories depending on the coupling - so make sure to do your best with

HL-LHC data!
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BACKUP
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RESONANCE SEARCHES IN MORE DETAIL
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FLAVOR BOUNDS IN MORE DETAIL
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CONCRETE/CUTE EXAMPLE HOW STRANGE IS
THE STRANGE YUKAWA?

GENERICALLY YOU SHOULD
WORRY BUT YOU CAN REDUCE
FLAVOR CONSTRAINTS W/
SPONTANEOUS FLAVOR
VIOLATION (SFV)

D. Egana-Ugrinovic, S. Homiller, PM
1811.00017,1908.11376,2101.04119
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THAT'S NOT THE ONLY SIGNAL!

A. Albert et al
2203.07535
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RESONANT DI-HIGGS SEARCHES SET THE CURRENT
STRONGEST LHC BOUND ON DEVIATIONS OF THE STRANGE

YUKAWA!
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CAN EXTEND TO FUTURE COLLIDERS AS WELL

"$%""_..... T e——
_ WE SEE COLLIDER
ENERGY CAN JUMP
BEYOND PRECISION
. FACTORIES
o
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SPONTANEOUS FLAVOR VIOLATION

ASSUME U(1)3 x CP ONLY BROKEN BY WF

RENORMALIZATION OF RH UP OR DOWN QUARKS

L " |Z,‘fw,b“D g + "D, & +i0 D, G
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WLOG » are real diagonal

go to canonical kinetic terms
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SIMPLE UV COMPLETIONS!



