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Introduction and
Motivation



10+ Years After the Higgs Discovery

e Higgs (2012) completed SM
 Only afew couplings (t, W, Z, 1) precisely measured
e Light-quark and off-diagonal currently unmeasured

* Higgs factories (e.g. FCC-ee) — sensitivity to on off-diagonal

BR(h — X) FCC-ee sensitivity to BR(# — ¢gq’)
e x 1074
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Unmeasured
® Mesured DOI: 10.17181/n78xk-qcv56
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https://inspirehep.net/files/593f6ed00093859a06361433a6063821

Flavor-Changing Neutral Currents

1. FCNCs are forbidden at tree level in SM
* Suppressed due to GIM mechanism
* Sensitive to New Physics (NP)

* Via loops — virtual heavy particles

2. Intensity vs. energy

* New particles modify effective couplings, even if too heavy to
produce

 Complementary to direct searches at the energy frontier
 Rare processes — indirect search for new particles

Rare FCNC processes act as precision microscopes for heavy
new physics. If we observe a Higgs-mediated FCNC, it’'s BSM.
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Setup and Matching



Effective Lagrangian and Matching

» Effective Lagrangian:

Z oir D Ysp(S ORI + Vi (br SR + v 5 (d; bp)h + v, (b dp)h
+yCLt(ELuR)h + yuc(l’_thR)h + ysd(ELdR)h + yds(d_LSR)h + h .C.

« Relevant operators and matching (example for B.):

cosee __ 4D V2 1 om, g,
S a, 4Gp V,Vimy, mimy 2 sb

1 bstt (47) \/5 1 my g
Cy = — 2y
a, 4Gp VyViEm, mimy, 277

|
Cbsbs — y 2
S,LL 2 bs
2mh
Cbsbs _ 1

— —yz
S,RR 2m}% sb

bsbs __ %
CS,LR ) YpYsb
h
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Standard Model
Prediction



Standard Model Prediction

e Unitary gauge (example for 1_95):

Nl

* Results:
Ybs (-1.45-0.031) x 107
Ysb (-8.77 +0.16 i) x 106
Ybd (1.43-0.57 i) x 109
Ydb (1.71+0.681) x 106
Yue | (4.79-3.961)x 10
Ycu (1.16+0.961i) x 10-14
Ysd (-6.08 + 2.451i) x 10-11
Yas (-1.60-0.65i) x 109

NSNS NN NN

BR(h - qq')

4.64 x 1078

2.04 x 107

2.34x 107

1.81 x 10715

Nl

Remember:
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Current Indirect
Bounds



Computation of the Bounds

 Running of Wilson coefficients done with wilson
 Low-energy flavor observables computed with £lavio

 Considered observables:

Decay BR(B,(B,, D°,K") = utu)

iy 5. d
Mixing  « Byy) = Byay  AMyg. @@, S,

Is A
. DO_D_O XD, z ° ¢D
p D
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Bounds on y, . and y

B Real couplings Complex couplings
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Bounds on y,;, and yg,

Real couplings

Complex couplings

70 \'\ \:
T2 I‘ &
= N L
B S
go / ) : s
© —7/2 7 ,’, \«,// %
. 'i/ L
107° 10—3 101
[Ybd| = |Yav]
1 BR(Bg — pp) 3 AM; 3 of, 3 Syx EO combined === FCC-ee BR(h — bd)
Upper limit BR(h — bd)
‘ \ i I ) 5.5 x 106

5.0 x 106

4.0x 104
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Boundsony,  andy,_,

* Challenge: no reliable SM prediction = set SM to zero and inflate uncertainties
to allow NP to saturate present experimental value within uncertainties

Real couplings Complex couplings

—10~1

7"' ”B- T
N N 7 :
—1072 - \ ( g
. m/2 1 \ X
Q \ =
_ — 1, RV S
L —1073 - /6.5 107" \ > N L
= | ‘| g 07 = :
_10_4 B | 1 = ,/ 1
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I 1 \ I
' : N :
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Yeu ‘ycu| — ‘yuc‘
1 BR(D° — up) 3 zp C |¢/p|p C ¢p E0 combined === FCC-ee BR(h — cu)
Upper limit BR(h — uc)
() h \\ E 5.2 x 107
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Bounds on y ; and y,

Real couplings Complex couplings
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Upper limit BR(h — sd)
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Projection of Bounds



Projections

 The mean of the projected (and current) observable measurement
set to SM

* Projected uncertainties of CKM matrix parameters:

CKM parameter |Vus| |Vub| Veb| Y
Projected uncertainty | 2.3 x 104 | 3.2x10° | 1.7x104 | 3.5 x 103
Current uncertainty 6.1 x104|14x104 | 5.1 x104 | 6.3 x 102

« Bag parameters B,ff(d)) — 1% uncertainty

* Projected uncertainties of (some) observable measurements:

Observable Sus Suyk arsS arsd BR(Bs = pp)|BR(Ba = pp)
Projected 1, 3 5 104/8.0x 104(3.2x 105[3.2x 105| 1.6x 100 | 1.2 x 10"
uncertainty

current 14 95 102[1.7x102|4.1x 103|1.7 x 103| 2.8 x 1010 | 5.4 x 10-1
uncertainty
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https://arxiv.org/pdf/2006.04824
https://arxiv.org/pdf/2006.04824
https://agenda.infn.it/event/44943/contributions/266591/attachments/137356/206422/Rare%20b%20and%20LFU.pdf

Bounds on y, . and y

Real couplings Complex couplings
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Bounds on y,;, and yg,

Real couplings
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Boundsony,  andy,_,

Yuc

[ BR(D° — pp) 3 zp 3 |¢/plp C3 ¢p 0 combined =—=—-
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Bounds on y ; and y,

Real couplings Complex couplings
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Summary
 SM prediction of Higgs FCNCs is tiny
* Projected direct bounds on FCC-ee relatively big

* Indirect current bounds mostly stronger than projected
direct bounds

e Future improvement of the indirect bounds
* All bounds much higher than SM prediction
* If any Higgs FCNCs measured — New Physics
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Additional Slides



Matching the Effective Lagrangian to SMEFT

o Cl, .
» SMEFT Lagrangian: %\ ppr D — A_leLdee +h.c.

e SM Lagrangian: Fsm D —y;"OiHdl +h.c.

 Expand Higgs in unitary gauge: H — ( 0 )
v+ h

1 V3 1 3y2 .
=L +Z S>——— | vSMy 4 — Y dldf —( yvMyZ—CY \d.dh
\/‘V\/
.-

ij
- The effective Lagrangian: Z.; D y;d;djh+h.c.

In~ 1 v?
CV

\/_AZ dH
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Definitions of the Mixing Observables

d [ |P°M) —<—iM—lr> | PO(1))
dr \ |P®) | 2 | PO(D))

e By — Bs(d) mixing observables:

| My, |* = 1/4|T, |7 +\/(|M12|2 — 1/4|T,|*)? + 1AM, ,T% + ML)
2

AMq=MH—ML=2\

M
12
aq — —

; sin(arg(—M;,/T'}5)) Suk(p) = SIN(2f)
S N D

. DY — DY mixing observables:

.XD= yD:— —_— = . ¢D=arg —
FD ZFD P M12 — 1/2F12 P
. KV — K" mixing observables:

~ A(K, - 7m)
B A(Kg — nm)
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