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Why Flavor mattere

Higtorically, it lead to “New Physice” (NP)!

£.g., prediction
of charm quark:

[t leads to a Standard Model (SM) puzzle ...
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... and Beyond!



\od : Tegting the SM

e [avor violation in the (mage bagie of) SM only from
~ charged weak-current couplinge <—> matrix Ve

—> FCNCe @ one loop (& GIM suppregsed)

1—\2/2 A AN (p — in)
VoM = —) 1 —\2/2 AN? + O
AN (1 —p—in) —AN 1
o Top-quark dominates short-digtant phygice in FCNCe,

COV @ stake only if all 3 generationg are involved
—> CKM 3rd row very relevant for phenomenology

(p,n) apex of Vb Vug+ Veb Veg + Vi Viy= O



| M.Bona, M. Ciuchini, D. Derkach, F. Ferrari, E. Franco,
V. Lubicz, G. Martinelli, M. Pierini, L. Silvestrini, C.
Tarantino, V. Vagnoni, M. Valli, and L.Vittorio




UTsit | : Bayes aficionados

P (5.7

71 O) ~P (O p,7,5) x Po(p 71, 7)

posterior ~ likelihood X prior

DID THE SUN JUST EXPLODE?

(ITS NIGHT, 50 WERE NOT SURE.)

THIS NEUTRINO DETECTOR MEASURES
WHETHER THE SUN HAS GONE NOVA.

( THEN, TROLLS TWO DICE. |F THEY

BOTH COME UP SIX, IT UES TO US.
OHERWISE, rr1Eu5THETRurH.
LETS TRY.
CETECTOR! HAS THE
an GaVEZ NovA?

see, e.9., arXiv.hep-ph/0012308 \"lEE

Obgervablee <—> conetrainte in the fit

® p={fxB,Bxp -}

Parameters we can marginalize over

® (/57 77) <—> CKM pair we wigh to infer

/Mn

FREQUENTIST STANSTICIAN: BAYESIAN STATISTIOAN:

THE PROBABILTY OF THIS RESULT

HAPPENING BY CHANCE 15 3;=0027. BET YOU $50
IT HASNT

GNCE p<0.05, T CONCLUDE

‘IHPH‘ THE SUN HAS EXPLODED.
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(@ httpe://xked.com/1152
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(semileptonic decays)

UTA : How it really worke ..

see, e.q., arXiv.1905.00798
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Noveltieg |

*** new UTHit 20 ckeptical combination of Vg | and [y [
3 la D’ Agoatini, gimilar to OOG

|V L x 102 =3044 + 063

[Veplae x 103 =411 £ (.3

[V ling x 102 =432 + 029

l vub l ave X [08 = 3.89 + 0.25
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See review from F. Bernlochner (@ FPCP 2022



Probability density

Noveltieg I

new UTfit average of a, latest y from HFLAV ™™~
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&8 UTfit prediction

Lagt, but not leagt:

Updated lattice inpute from FLAG Np = 2+, 2++! (arXiv:2(I.09849)
Skeptical combination for Uy, ie. [ Vg [= 0.97433 £ 0.0009



SM UTA ag of 22!
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few % determination = decades of tremendous EXP + TH progregs!

da
@ 95% prob UTA in infancy ‘}—f 1—
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B °K Vub // D |
0 i Vb Old-Fashioned SM UTA
_ 'S 12 arXiv:hep-ph/0501199
i M, .
0.5 -— // o i_md
- \
-1 0 /vo.ls' — {\
[ | | L | | | . "
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UTA : angleg only

.., only hadronic B decay modeg shaping the UT ™ **

Angles-only UTA
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= 0.157 + 0.017 ~ 10%
0.334 £ 0.012 ~ 4%

angles

= (0.161 £ 0.009 ~ 6%

= (0.344 £ 0.010 ~ 3%
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UTA : gides & &k

|
_ UTfff
| summen22 €k
— sides&eL2 Amd
: Am,
B Am,
1
-0.2

2., megon anti-megon mixing + tree-level gemileptonic ***

Sides & €x UTA

-0.026 ~ 7%

p=0.161 £0.009 ~ 6%
n=0.344 £ 0.010 ~ 3%

SM UTA
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.., only obgervableg Minimal Flavor Violation (MFV) friendly

Univergal Unitarity Triangle

X X X

arXiv:nep-pn/000 7085, arXiv:hep-ph/020 7036
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UTA : tree-level only

* i, uging congtraintg from tree-level processes only ™ **
b —>¢

= o ! tree-only UTA
T F UTfit
: summer22 O 168 T 0025 ~/ 15%
1= tree-only n = 0.374 + 0.029 ~ 8%
0.8:—
0.6:—
0.4f
0.2:— p=0.161 = 0.009 ~ 67
I n = 0.344 £ 0.010 ~ 3%
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Computbiyplt gng| ]
graphical pull of obg - cin 2 = 0.688 + 0.020

<50 tengion in the fit



X <—>inclugive

3 = : -+ <—> meaggurement
[y | x 103 =432 + 029 TQHQIOHQ [[ .
* <—> oxclugive —_ [V | x103=389+ 025

[V [x103=374 £0I7

0.8025 0.003 0.0035 0.004 0.0045 0.005

IV |
ub

~ 20 tengion in the fit



X <—> inclugive
. . <—> meagurement
Vi | 103 = 426 + 050 Tencione |l
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UTA : [nclugive US Exelugive
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SM UTA ag of 22

 Measurement i Prediction

~ 0.688%0.020 0.740%0.030
65.8 + 3.4 64.8 + 1.4
95.0 + 4.7 92.5 + 1.6

€ - 10° 2.228 + 0.001 2.07 £0.15

Vo] - 10° 41.1+1.3 42.6 £ 0.5

[Veo| - 10° (incl) 42.16 0.50

[Veo| - 10° (excl) 39.44 0.63
|Vus| - 10° 3.89 £ 0.25 3.70 £ 0.10

|Vus| - 10° (incl) 4.32 +0.29 -
- |Vus| - 10° (excl) 3.74 £ 0.17 -
 BR(B— w)[10°]  1.09%0.24 0.88 + 0.05
Ayl 10° -21+1.7 -0.33 + 0.03

| As-10°  06%28 00140001 <1 |




N Analygie: Wiki How

®  Mogt generic NO effecte in [ AF [ = 2 transitiona:

K—K: ReA=C,,ReA”™ ImA=C.ImA"
ANP NP SM

q 2i(p, —d, )
1+—,e

q

)

2ip SM _2i¢>" sM 2ip
e” " A e = Al e’

& [nclude all relevant obgervableg for | AF [ =2 NP:

A mq/K:CBq/A mK(A mq/K)SM €= CEEEM
Al =sin2(B+dy ) AL M ~sin2 (=B + by )
AL =Im[T%/A,| ATAm,=Re[T% /A,

® Fit eimultaneously CKM & NP —> bound on NP scale

6 new parameterg
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-0.5

.., aseuming only tree-level obg to be SM ™ **

NP UTA

- 0.027 ~ 15%
- 0.029 ~ 8%




N Analygie: Regulte |
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N Analygie: Regulte ||
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NP, o SM NP ;A SM
ANP/AS ANP/AS
L Ratio of NP/SM amplitudes is:
A =|1+=L e 0 AMe® | <35 o @ 68% prob (45% @ 95% prob) [o=Cl]
! <25 % @ 68% prob (35% @ 95% prob) [a=s]




N Analygie: Regulte ([l
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C(A) < (4.3 x 10°TeV)™

| AF [= 2 Weak EFT

SM/MFV
8 p B

O1'" = @rvndasy 4" aiy

q:q; _ B B
O = @r%i1 4R L

q:4;5 —
O3 = CI;XRQ?L ququL

qiq; _ B8 B
O, "7 = q;quzL 9519 R

qiq; —a B B
05 = quéquL q]LqZR

+ chirally flipped O;J;‘gfg

see, e.g. arXiv./0707.0636

Generic NP = no SM protection,
namely : ClN) = C//\2



NP scale A (TeV)
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| AF [= 2 Weak EFT

SM/MFV

O(lhqu7 — q]LfY,quL q]BL/y quL

q:q; _ B B
O = @r%i1 4R L

q:4;5 —
O3 = q;XquBL ququL

qiq; _ B8 B
O, "7 = q;quzL 9519 R

qdi4; —a B =0
05 = ququ q]quR
+ chirally flipped O;J;‘gfg

see, e.g. arXiv./0707.0636

Next-to-MFV = SM-like
protection, but O(l) phageg



SUI2)L x Ull)y

[ AF [ = 2 Beyond the Weak EFT

gauge invariance ey ANp
SMEFT RGE
OHe™ OFeaQ oLean O i Oy
(9 D, H) @ [ Q) | (Loey) @Q) | (Ley)ir® @) | (@l ) (@ (T70dm) | (@l )i (@[T
O%2 Oim OSim Ofim Ot
(Qiwlr)Qk) (@ 1T1Qm) | (@ yuun) (@ um) | (djyud) (d*dm) | (QyyulT*]Q%) (A [T7)dm) | (Qi1ulT*)Qk) @*[T*)uim)

For more detaile:

poory constraned FLAVOR MISALIGNMENT

Model-independent bounds on the standard model effective theory
from flavour physics

Luca Silvestrini*", Mauro Valli ©* Physics Letters B 799 (2019) 135062

SMEFT atlas of AF = 2 transitions

Jason Aebischer &, Christoph Bobeth, Andrzej J. Buras & Jacky Kumar

Journal of High Energy Physics 2020, Article number: 187 (2020)




Take Home

® SMUTA: Towards % precigion: Overall congistency amazing!
—> current pull from | Veb | @ 4o ( By—> Diyl v )

but see recent work by G.Martinelli, S.Simula, L. Vittorio

‘ Np UTA : 2109.15248, 2204.05925
Nyp C (= o
— [ ¢)

N o

— P
credit to RRattazzi @ GGl 2!
“CLEVER”, NOT SIMPLE

NATURAL
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M.Bona @ LHCP 22
ol 2 &6 Q 2 8 0 Ao 5 A A . Unitarity Triangle update

Ve and Vs —_, 0.006
lUTﬁtl

-]
= 0.0055
summer22

A-la-D’Agostini two-dimensional 0.005
average procedure:

0.0045
Vol=(411£1.3)10°| oo LEes o
uncertainty ~ 3.2% 0.0035 N N “-
[Vio| = (3.89 + 0.25) 10° |
0.003
uncertainty ~ 6.4%
0.0025
F I'om g I O bal S M f|t 0.0 Q?(;S NN
Veo| = (42.4 £ 0.5) 107 | | ' ' |V ‘
V| = (3.72 £ 0.10) 107 cb

UTTit prediction:
V| = (42.6 £ 0.5) 107

Vw| = (3.70 £ 0.10) 107
MarcellaBona [} J 7 & Q& S . &8 0 .p o L2 6 0 oo




Aol 2 &6 Q9 = 8 0 n S A L L. Unitarity Triangle update
new-physics-specific constraints

(B, — (*X) -T(B, — (- X) 12
= Im Afull

Vi TS |
7 I(B, - £+ X) + T(B, = {-X)

semileptonic asymmetries in B° and Bs: sensitive to NP effects in both size
and phase. Taken from the latest HFLAV. Cleo, BaBar, Belle,

same-side dilepton charge asymmetry: DO and LHCD

admixture of B, and B, so sensitive to

AL x 107 =-7.9 2.0

—

; Ad ! A S
f([ \(]0'_1;" + j,_\ \_\(, 4“1‘?'1

A
) jd \ d0 i f\ X s0

lifetime tFS in flavour-specific final states:
average lifetime is a function to the

width and the width difference 4
’CFS(BS) =1.527 £ 0.011 PS HELAV 5 = GfA/TO(;LECO:nT:;s)
0.111 CMS 116.1 fb~!
$s=2Ps Vs AT's from B—Jhpo 009
angular analysis as a function - B e
of proper time and b-tagging ATLAS 99.7 fb-1

0.05

¢s=-0.049 £0.019rad " oo

MarcellaBona [} | = & Q& 2 & §f o o 26 o 20




M.Bona @ LHCD 22
Al T a6 8 2 8 0~ L A L . Unitarty Triangle update
Look at the near future

future | scenario:
errors from

Belle Il at 5/ab

+ LHCDb at 10/fb

UE::JOB:
< o Pfit
% - C future |
<< ,.[ NP fit
UTfit AT
future | 3 ok
£
_0'-%.-6I e TR T '_¢;\lo;2' —5a o6
Re(e ¢ AJ7/ASM)
%/-:,0.6:
<o Uit
% w : future |
<L ool NP fit
ESS
IH'O.5'|II:l‘;)§o;— @
_ » 0=+0016] T
p=0.154 £ 0.015 current sensitivity odl
n=0344+0013 _ - |1 n=x0.019 :
p = 01 50 a 0027 'O'-%—sl ' '-o|4' ' '-o|2' ' '(I)' ' 'olzl ' 'ol4' 06
= n 50, . N .
n = 0.363 + 0.025 Re(ems ANP/ASM)

MarcellaBona i1 T & Q TLTLOTANEQUIRT L4 eT A 4




M.Bona @ LHCP 22
Al 2 &6 Q o 8 0 o 5 A L .. Unitarity Triangle update
NP parameter results

ANP (NP SM . SM
A =1+ 2105 —0g7)| ASM 5210
q q

q
SM €
q
° . s ° . sof
a 80: UTflt % . E UTf,t
Z_e_'O 60— mmmmm 20 _e_ 60__' summer20
405— 40
20:_ 20:—
20 -20
40 40 dark: 68%
60 Bd 60 Bs
SM: red cross
_80llllllllllllllIlllIlllIlllIll _80""I""|||||Illll|lllllllll
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
NP/, A SM NP ;A SM
ANP/AS ANP/AS

The ratio of NP/SM amplitudes is:
< 26% @68% prob. (37% @95%) in B, mixing
< 18% @68% prob. (25% @95%) in B, mixing

MarcellaBona i) 7 & Q& S & .o o o6 o o



