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Experimental Theoretical
data inputs

* Goal is testing the SM/CKM mechanism, and point out possible tensions
* Many flavour observables enjoy the status of precision physics
* Flavour transitions pattern is likely to change in the presence of NP
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Theo. inputs: hadronic effec

BBy, KK: bag-parameters

Meson-mixing Bg., Bg./Bg,, Bk

2m2 f2Bk = (K|(3v"P.d) (57, PLd)|K

m — (v, K — wlv, etc.: decay constants, form factors
B & #0777 10)
—pufs = (O1(dv50)lm(p)),
(@) e+ P u + FE7 (@) — i = (m(p))| (371 PLu) K (P))
— Determine Egﬂf,, npy ~ LiCi(p) x Oi(p), where p ~ O(few) GeV:
C; collects short- dlstance physics; O; collects long-distance physics

(semi-)leptonic decays

— Lattice QCD: extractions of non-perturbative parameters;
averages dominated by systematic uncertainties

Stat: essentially size of gauge configurations FLAG reports:
Syst: fermion action, a- 0, L - co, mass extrapolations... guide to sort results



Theo. uncertainties

« Statistical uncertainties result from the intrinsic variability of data,
typically distributed normally

* Theoretical uncertainties are different in nature: they are
modeling parameters (¢), , that incorporate our
Incomplete knowledge about the properties of a distribution
(Ex.: truncation of a perturbative series) [Punzi '01]

* Though a priori theoretical uncertainties are a universal issue, in
the context of quark flavor physics they are particularly important,
due to the strong dynamics

LVS — Model testing...



Statistical framework

* CKMfitter: frequentist statistics based on a X analysis
* X’min. goodness-of-fit under SM (or NP), estimators for g=Vcku
* A\x? (x%-distributed): Confidence Level (CL) intervals

Oth(@) _ Omeas ) .

UOHIE&S

L(@) =[] Lo(@), x*(a)=-2nL(q) =) (
@

@

max likelihood ratio of likelihoods
X*(q) = min (@), Ax*(q) =x*(q) — x(9)

LVS goodness-of-fit, estimators confidence levels



Range fit scheme incorporates theoretical uncertainties
* stat: agreement of data & prediction; theo: accuracy of QCD parameters

* Theoretical uncertainties strictly contained in a range. Ex.: & € [-A, 4]
 Different sources of syst. uncertainty are combined linearly

g;zduct of likelihoods Example - 1D, 04 Loe £ Lopes (Ndof _ 1)
E ~ E’stat A Ctheo, X p-value
Y>=-2/m/L -

0.6}

Liar: €xp. data
Lineo: had. inputs
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[cf. Charles, Descotes-G., Niess, LVS "17] B e S !

Hoecker et al. ‘01, Charl tal. ‘04 I
[Hoecker et a arles et a ] X2: flat bottom, quadrat|c Wa”s




LVS

1.5

10

s

L]

0.5

=110

i
i.
E
:

we H
18 e g Lo
=10 -0.5 L] 05 10 15 20
13

10

05

0.0

-0.5

=140

=18

i %
i 3L oty
||||||||||||||||||||||||'I.||||

=10 -05 a 05 10 15 20

p

=110

!
§

15....|....i....|....|..
“n -5 a0 a5 10 1.5
1.5

05

L]

=140

=15

=3

4%

||||I||||!||||I||||I||||l.r.|||

e

=05

0.4

as

p

10

1.5

20

10

05

L]

0.5

=11

=15
=10 =05 1L} a5 10 15 20
15 -
!

1 ) Am; ]
LI =1
L ﬁmﬂ

[ Ey
L] F
[F]
L Y
I a |
05 b -

ﬂ"zo

B ] B
anlwma 20
T30 tmo,'-':{.:.nﬂ-
‘_15||||I|||||||||I||||I||||l||||
=1.0 =035 oo 05 140 15 20



Current status of flavours

IIII|IIII1IIII\1I\|IIIIIIkl

. | Lenchadod area has CL>0.95 Bqs Unitary Trian Ie
* A single phase must be responsible for CP - Y %‘(" Y 9
violation across distinct flavour sectors Yk B Amy & A
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Consistency among observabl
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e |f Gaussian uncs., uncorrelated

random vars.: mean O and
variance 1

* Here, correlations are expected,;

pulls can be O due to the Rfit
model for systematics

no clear indication of significant
deviations from CKM picture



Consistency among observa

tree level loop-induced
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Alternative frequentist schert

Properties of other statistical approaches to incorporate theoretical
uncertainties; impact on the extraction of the true values of parameters

Given the one-dimensional (1D) case: X ~ Xo+ o £+ A
—~— ~—

statistical theoretical

— The true value of the theo. uncertainty £ is fixed and unknown
— Being unknown, one quotes a range £ € () and vary £

— Usually, one has in mind that 2 = [-A, A], but this may miss an
unexpectedly large value of &

— Were & known, we would quote instead (Xg + &) o



Modeling theo uncs: randon

Random approach

— leferent teChnlques Of CalCU|atlon Naive Gaussian: Xp=0, o=1, A=1 (red) [A=0 (blue)]
lead to different predictions around the p-value
exact one (pseudo-randomly distributed) 0|

0.6[
0.4}

— Naive Gaussian (nG): £ ~ Ng a) o2}

— MLR (HM DXy = }L) T(X' M) _ (X—=p)?

0’4+ A?

(MLR: maximum likelihood ratio)
LVS — Model testing...



Modeling theo uncs: exterr

n-external approaCh [Scan: Dubois-Felsmann et al.]

— In a first step, assume that & is known

— Family of hypotheses, ’Hg) Xy =+ &

— MLR (H©): T(X; p) = X9

— Combine the pg, for € € n x [-A, A]

1-external: Xp=0, o=1, A=1

Close to what some experiments interpret as theo. uncertainties

Simple 1D case: Rfit and 1-external are equivalent



Modeling theo uncs: nuisan

1-nuisance: Xp=0, o=1, A=1 (red) [A=0 (blue)]

Fixed-n nuisance 2 p:flue
— ~MLR (H, : xe = p): T(X;p) = % ool

0.6}

0.4}

— & strictly found in n x [—A, A

0.2¢

3 -2 -1 0 1 2 3
1.5,2,2.5,3-nuisance: Xp=0, o=1, A=1

— Small n may lead to reasonable CLs, o_value
but possibly uncovering

— Large n avoid uncovering,
but lead to large ClLs




Modeling theo uncs: nuisan

Adaptive HUisance [Charles, Descotes-G., Niess, LVS]
X —11)2  Adapt. nuisance: X,=0, o=1, A=1 (red) [A=0 (blue)]
— ~MLR (HH D X = y,) T(X, /_1,) — —g2+’i)2 p_TmS;a"Ge ’ re ©
1.0F
. 0.8F
— The interval where we look for & o}

grows w/ the CL interval we want to quote

— n CL intervals: &€ € n x [-A, A]

Designed to deal with:
@ Metrology/extraction of parameters (1 — 2 o intervals)

@ Minimizing Type-Il (false positive) errors (above ~ 5 o)



Coverage in special cases

Limit case: the simulated & is at the edge of [-A, A]

Ao =3 ¢/A=1 6827% CL 95.45% CL 99.73% CL

nG 56.3% 100.0%  100.0% =
1-nuisance 68.1% 95.5% 99.7% ® o
adaptive nuisance 68.2% 100.0% 100.0% ® :
1-external / Rfit 84.1% 97.7% 99.9% 3] 3
o
Unfortunate case: the simulated ¢ is outside [—A, A] o §
S <
AJo—3 /A —3 6827%CL 9545%CL 99.73% CL 3 3
nG 0.00% 0.35% 68.7% 28
1-nuisance 0.00% 0.00% 0.07% o
adaptive nuisance 0.00% 9.60% 99.8% ®

LVS 1-external / Rfit 0.00% 0.00% 0.13%




Multi-dimensional case
X9 Lopl e BE [BuBd]  (orHobobls £ obRg)
Average: & = Zfil w; &;, W/ weights Zil wi=1,w; >0

Edges: [-A;, Aj]
Interval where the bias ¢; is varied y
Hyper-cube: assuming extreme values .~

simultaneously A =) .0 wA;

Hyper-ball: A = \/Zfd_l(W;A,-)z

LVS — Model testing... == 20 +5+A



Combining data

Example: combination of different extractions of BN® (2 GeV)

(red edges: 10; purple:

(theo) LoV
cv stat  quad lin i naive” average of the CVs)
ETMC10 0.532 (19) (12) (26) - ETMC10
LVdW11 0.557 (03) (15) (26) YA ST Lvaw+1
BMW11 0.564 (06) (06) (10) -H—O—H BMW11
RBC-UKQCD12 0.554 (08) (14) (22) +—|-—|—+—|~ RBC-UKQCD12
SWME14 0.539 (03) (27) (44) ------ — punenees SWME14
nG 0.5577  (63) - +—|—| nG
Rfit 0.556  (02) (10) ey Rit
1-hypercube 0558  (04) (18) i —hypercube
adapt hyperball  0.5577  (38) (50) H_,_H st hyperbal
[further examples: Charles, Descotes-G., Niess, LVS ‘17] 0.50 0;5 0.60 065



Conclusions

» Global fit of a rich variety of processes sensitive to CP Violation and SM
predictions in agreement

 We are then able to extract
describing the CKM matrix

* Theoretical uncertainties are omnipresent in flavor analyses and
deserve a careful look; they carry an ill-defined nature

* The choice of the scheme has an impact on: confidence level intervals,
metrology, significance of a tension, etc.

* Future: study properties of different treatments of theoretical uncertainties
In the full CKM fit (coverage, separation of uncs, computing time, etc.)

LVS
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CKM

Home The CEKMfitter group provides:

= & global analysis of measurements determining the CEM malrix parameaters
in the framework of the Standard Model and some of its extensions.

« Graphical and numerical constraints on CKM matrix elements, predictions on
rare K and B meson decays, theoreical paramelers, e

» The statistical reatment is based on Frequentist statistcs and Rfit (Range
fit) for the theoretical uncerainties

Specific Studies

Talks & Writeups
Publications

CKMfitter Group

‘ Plots & Results

Preliminary results as of Moriond 2021
(updaned Jan 2022)

‘ Talks

Warkshoy on High Eneigy Physics Phenamenalgy (WHERP) X

Dec 1-10, Guwahall, india

“Beyond 1st and 3rd generation unitarity triangle: what can we
learn from the others 7" jpai

' Tools

Perform your own flavour analyses online
with CEMiive

& Specific Studies

Prospective studies for
Opportunities in Flavour Physics at the HL-LHC and HE-LHC



Status of NP in B meson m|“

My = MM x (1 4+ h e*?)

NP parameters

* Agreement with the SM
(hg=hs=0) at ~10

* Allowed size for NP at the
level of O(20%)

» Extractions of p and n
(Wolfenstein parameters)
degrade by factor ~3

[Charles, Descotes-G., Ligeti,
Monteil, Papucci, Trabelsi, LVS ‘20]
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hy
UTfit; De Bruyn, Fleischer, Malami, van Vliet '23]



lllustration of CL intervals, 1

— Consider 0+ o £ A, w/ fixedo? + A% =1

— Gaussian units: v/2Erf™1(1 — p(Xo; 1)) (red) naive
Alo=0.3 Alo=1 Gaussian (nG);
Significance Significance
(Gaussian units) (Gaussian units) .
i N / (black) fixed-1
j*«\\ /f; j\ b external/Rfit;
S 4 o
T X e NG £ .
2N A 2Ny 47 (blue) fixed-1
| RV Vo o mIE nuisance;
i 2 m 2 & r g =2 @ =& & F
Significance A Significance et (pu rple) f|Xed'3
(Gaussian units) (Gaussian units) 1 .
) 7 AR nuisance;
st [ st | [
A, ¢ ot g | .!! T 4 (green) adaptive
g P !//,r ol 1\\ lf// i nuisance
e 9 4 1 d":‘\ﬁ/f r
LVS i 2w 5 a4 »® R S R R



Combining data

Example: combination of different extractions of BN® (2 GeV)

(orange edges: 30; purple:

(theo) “naive” average of the CVs)
cV stat quad lin :
ETMC10 0532 (19) (12) (26) -+ ETMC10
LVdW11 0.557  (03) (15) (26) SIVE SNV LVaW11
BMW11 0.564 (06) (06) (10) -H—O—H- BMW11
RBC-UKQCD12 0554  (08) (14) (22) +—|-—|—+—+ RBC-UKQCD12
SWME14 0530 (03) (27)  (44) s e b SWME14
nG 0.5577  (63) - b e
Rfit 0.556  (02) (10) yadvey -
1-hypercube 0.558  (04) (18) ,_._._._H_f 1-hypercube
adapt hyperball  0.5577  (38) (50) H_,_H . acapt hyperbal
LVS 0.50 055 0.60 065



Different significances

(a2p  — a2M ) x 10! = 288 4 63,,,, -

muon muon

significance of the tension

nG 3.60
l-external /Rfit | 3.8¢
1-nuisance 390
adapt. nuisance | 2.70

LVS — Model testing...
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