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Flavor in the SM and Beyond

Loy ~ A+ N2H? + \H

+ WPV + (D,H)? + (Fuw)® + FuF™

+ YHUWY 4 _(t.H)2 + /\2 o;."mﬁ
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Flavor in the SM and Beyond

Invariant under a SU(3)% x U(1)® flavor symmetry

Ly ~ AN+ N2H? + \H

+ WPV + (DH)? + (Fu)® + FuF™

T 1 2 1 dimé
+ Y HUVW + R(LH) + 22 zi:o,."“
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Flavor in the SM and Beyond

Invariant under a SU(3)% x U(1)® flavor symmetry

-
Ly ~ AN+ N2H? + \H

£ IPY + (DHY + (Fu) + FuF™

T 1 2 1 dimé
+ Y HYwvw l-l- K (LH)* + F zi:oilm

Only renormalizable source of flavor breaking

CKM matrix is the “remnant” of diagonalizing the Yukawa couplings
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CKM in the SM
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The CKM Matrix

Wolfenstein parametrization (defined
<_>‘ to hold in all orders in A and
43 Y rephasing invariant)
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Measuring CKM Matrix Elements
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| Vugl|: from nuclear beta decay

see talks by J.C. Hardy and Kyle Leach (today 5:30pm, TSEI session)

Wolfgang Altmannshofer (UC) Introduction to the CKM Matrix May 30, 2018 5/20



Measuring CKM Matrix Elements
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|Vis|: from from K — 7év branching ratios
+ K — = form factors from lattice
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Measuring CKM Matrix Elements
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[Vis/ Vual: from K — pv over m — pv
+ ratio of Kaon and pion decay constants from lattice
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Measuring CKM Matrix Elements
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|Vegl: from D — wév or D — v decays
+ lattice input (form factors and decay constants)
see talk by Carleton DeTar, (Friday 2:30pm, HFCKM session)
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Measuring CKM Matrix Elements
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|Ves|: from D — K{lv or Ds — {v decays
+ lattice input (form factors and decay constants)
see talk by Carleton DeTar, (Friday 2:30pm, HFCKM session)
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Measuring CKM Matrix Elements
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| Vep|: from inclusive B — X {v or
exclusive B — D*)¢y, Bs — Dglv + form factors
see talks by Matic Lubej (this session) + Oliver Witzel (Friday 3pm, HFCKM session)

+ plenary by Abi Soffer earlier today
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Measuring CKM Matrix Elements
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| Vup|: from inclusive B — X, ¢v or
exclusive B — wlv, Bs — K{v + form factors
see talks by Matic Lubej (this session) + Oliver Witzel (Friday 3pm, HFCKM session)

+ plenary by Abi Soffer earlier today
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Measuring CKM Matrix Elements
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[Vub/ Vep|: from Ap — puv over Ay — Aguv
+ form factor ratios from lattice
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Measuring CKM Matrix Elements
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|Vis| and | Vyy|: from meson oscillations
+ hadronic matrix elements from lattice
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Measuring CKM Matrix Elements
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| Vip|: from t — Wb or single top production
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The Unitarity Triangle

Graphical representation of the unitarity of the CKM matrix:
Unitary Triangles

Vig Vi + Vg Vi + Vig Vi = 0

(A1)

Via Vi,
Vea Vi

Vi Vi

Vea Vi

(0.0 (1.0)
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Two Decades of Unitarity Triangle Fits
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Two Decades of Unitarity Triangle Fits

L I e e
excluded area has CL > 0.95 |
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Two Decades of Unitarity Triangle Fits
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Two Decades of Unitarity Triangle Fits
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Two Decades of Unitarity Triangle Fits
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Two Decades of Unitarity Triangle Fits

Wolfgang Altmannshofer (UC)
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Latest Resulis from CKMfitter
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( http://ckmfitter.in2p3.fr/ )

Wolfgang Altmannshofer (UC) Introduction to the CKM Matrix May 30, 2018 8/20



Latest Results from UTfit

1= winter18

A =0.2250 £ 0.0007

A=0.833+0.012
p=0.145+0.014

(Luca Silvestrini @ LaThuile 2018 + http:/www.utfit.org)
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Latest Results from UTfit

1= winter18

A =0.2250 £ 0.0007

A=0.833+0.012
p=0.145+0.014

(Luca Silvestrini @ LaThuile 2018 + http:/www.utfit.org)

for future prospects at Belle Il see talk by Anselm Vossen (this session)
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Viup and Vg Inclusive vs. Exclusive
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0.003)55'0034 0.:036 0036 0.04 '0.042 0.044°0.045 0.048 |V = (3.74 £ 0.23) x 1072

\
| cbl |Veo| = (40.5+1.1) x 1078

(Luca Silvestrini @ LaThuile 2018) p=0.09

see talks by Matic Lubej (this session) + Oliver Witzel (Friday 3pm, HFCKM session)
+ plenary by Abi Soffer earlier today
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Viup and Vg Inclusive vs. Exclusive

—g.006
= H
L UT . .
Znooss- L » Heavy Quark relations used
0.005[- in CLN parametrization of

ncl. V,, B — D~ form factors might be
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0.004 P BGL parametrization gives larger
' |Vep|.-

Grinstein, Kobach 1703.08170

Bigi, Gambino, Schacht arXiv:1703.06124
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>
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=
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0042 01044 G045 004s lattice form factors at non-zero
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2
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(Luca Silvestrini @ LaThuile 2018)

see talks by Matic Lubej (this session) + Oliver Witzel (Friday 3pm, HFCKM session)
+ plenary by Abi Soffer earlier today
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CKMlive

perform your own CKM fit at http://ckmlive.in2p3.fr/

_
By Wolfgang
e.g. Standard Model 10 e e
prediction for sin25 *
08 — —
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o 04 _
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sin{2p)

for joint BaBar/Belle measurement see talk by Tomonari Miyashita (this session)
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New Physics
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Basic Philosophy
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measure calculate precisely get information on
precisely the SM contribution NP coupling and scale
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CKM from Tree Observables

= i
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i New Physics Fit
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(Luca Silvestrini @ LaThuile 2018)
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Phenomenological Parametrization of New Physics

(By s|Heft| By s) bis

2ipN"
= e d,s
Bd s I ’S Bd s
) eff s
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= Cp, .67 =1+ sy
d,s

Re (K| Heir|K) Im (K| Heir|K)

o YAMy > o e
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Observables are modified: e.qg.

(AMd,s)exp = CBdYS(AMd,s)SM ) (AMK)exp = CAMK(AMK)SM

(8iN208)exp = SiN(268 4+ 2¢8,) , (Ps)exp = Ps — P,

(eK)exp = CeK (GK)SM
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Constraints on the New Physics Amplitude
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(Luca Silvestrini @ LaThuile 2018)

few % - 30% NP contribution allowed in meson mixing
(depending on the NP phase)
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Parametrization in Terms of Contact Interactions

4 fermion contact interactions contributing to meson mixing

%(a%PLq/)(awPLq’), %(avuan’)(év“’PRq’)
%(aqu’)(aPLq’) : %(éPaq’)(Eran’)
%(qaqug)(aﬁPLq;), %(aaan}g)(%PRq;)
TA(@Pd)(aPAq)

(@ PL95)(@5Pad)

need hadronic matrix element from lattice to determine NP parameters
see talk by Chia Cheng Chang (Friday 2:00pm, HFCKM session)
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Constraints on the New Physics Scale

» Best bound from ¢
(limited by CKM
uncertainty)

» CPVincharm follows
(limited by exp.
uncertainty)

» Then B, and Bg mixing
(CKM + hadronic
uncertainties)

» For NP couplings C; ~ 1
bounds on the NP scale
up to 100,000 TeV!

(Luca Silvestrini @ LaThuile 2018)
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» The SM CKM picture of flavor and CP
violation is consistent at the O(10%) level

» NP in meson mixing can in some cases be
probed up to scales of 100,000 TeV

» Strong constraints on many “flavorful” NP
models at the TeV scale
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