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The Game
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Goals

1) Quantify theory ‘degrees of belief’

2) Estimate theory parameters



Frequentism

2 types of measurement errors as regards to the repetition of the observation
in identical conditions:

-Systematics: bias in the repetition of the measurements as regard to the
observable value

-Statistical: fluctuations inherent to the measurement that can be described by
a statistical distribution (mostly Gaussian, cf. central limit theorem)

= Use Frequentist hypothesis test statistical tools

The key ingredient: a test statistic (typically, 3? type) as a decision rule
for a hypothesis test of the chosen theory

The tools: p-value of the test, either by assuming an asymptotical
r?(ndof) distribution or by Monte-Carlo




lllustrated Frequentism
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( small 4y? values are in favor of the theory /hypothesis )

Minimising 2 over irrelevant nuisance parameters
(e.g. systematics) very time consuming.

Great improvement from Mathematica analytical
pre-treatment of x? gradient with respect to theory

parameters. CL

Fastens computation time by 2 orders of magnitude!




Systematics & RFit

Alo=1 Alo=2

Systematics = nuisance
parameters in a bounded range A

= Range of width 2A of confident

enough values for the systematics
and minimise y?

Over this range, the resulting test
significance is evenly flat.

Different from statistical modeling 1
of systematics (e.g., uniform pdf) 08
0.6
Simple example: 0.4l
X=u+oN[0]1]+A, 0.2
T 4 90 5 o 10
observation stat. error K - Xobs M - Xobs
parameter systematics

= Gaussian pdf + Uniform pdf for systematic
= Gaussian pdf + systematic as a Range parameter



Weak Interactions and the CKM Matrix

In the quark sector of the SM weak eigenstates # mass eigenstates:

U, W g . .
dj>/\/\ ﬁuu\/ﬁ d,W, +h.c.

with the 3x3 unitary Cabbibo-Kobayashi-Maskawa matrix: VCK,\,I =

3 generations — parameterisation with 3 Euler angles 6, + 1 complex phase 6 allowed (CP violation)

Hierarchy: transitions between generations are disfavoured = Wolfenstein parameterisation of V,,

[ V5 . r
-2 A AB(p—in) A = 0.8117 [+0.0096 — 0.0236]
2 A=sin(6,) = 0.2252+ 0.0008
Ve = ) -4 AZ  |+O0(1H) < (60,)
3 | 2 5 =0.145[+0.024 - 0.034] (15 cL)
L=p=li) = 1 77 = 0.339[+0.019 — 0.015]

L B ( from CKMfitter Summer 08 )



CKM Unitarity Triangles

From V,,, many unitarity relations, related to 4 Mesons (top excluded)
= graphically represented as triangles in complex plan (5 4 6 ——C )
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S ie{u,c,t}

K 2VeVg=0 (1,4,7)
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3 sides ~equivalent length = CP violation effects

Bp=m+ 7+ OMY

Yo = O(A%)
(Ow= Y

(Pps715)

Almost flat = Very weak sensitivity to CP violation effects

Sensitive to yangle only



Indirect Constraints on D-UT

In the SM kaon and B processes constrain strongly D-UT through the CKM parameters:
i . . . . (1o CL)
|V <] constraints (in a first approximation) A ~ [Vg4l {ch‘ — 0.22508+ 0.00082

*B—DK constraints y and thus ey and Bp o, =—70° [+29- 27]

From the global fit (Summer 08)
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Direct Constraints on V_4 and V_,

Former direct determinations:

|V 4: DIS of vs on nucleons (hard to improve) ’Vcd‘ =0.2308+0.011 (5%)
*|V_|: charm tagged W decays ’VCS‘ =0.97+£0.09£0.07 (12%)

For comparison |V | from KI3 is measured at 0.5% accuracy

New kid on the block:

Extract [V 4| and |V | from:
» Semileptonic decays of D and D, mesons
 Lattice QCD (LQCD) for the strong interaction part (vector form factors f, dominant)

V.4 =0.222 + 0.008 (stat) = 0.003 (syst) = 0.023 (latt) (3.8% exp + 10% th)
V,.=1.018 £ 0.010 (stat) £ 0.008 (syst) = 0.106 (latt) (1.3% exp + 10% th)

V4 Not competitive yet for CLEO-c : main improvement should come from lattice

with CLEO C results on D->pi e nu and D->K e nu (Shipsey, Aspen 08)
and with FNAL-MILC-HPQCD lattice values for f_+(0)



Direct vs Indirect measurements
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CLEO-c competitive for V¢, (with a central value above unitarity bound), but not for V...
yet, mainly due to lattice



Direct vs Indirect measurements (2012)
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Prospective estimates for
BES 2012 from

Physics at BESIII

D. Asner et al,
arXiv:0809.1869

(Chapter on the impact on
BES & CKM from
collaboration between
CKMfitter group and BES)

For BES 2012, error on V4 f,(0) and V f.(0) below 1%, lattice error around 5%
« Competitive determination of V4 and V
» Potential to find defaults in unitarity, signs of New Physics



Direct Constraints on V_4, and V  (2)
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Constraints from current CKM fit
1.10 -
V_=0.9735 + 0.0007 -0.0006 B {
V_, = 0.2251 + 0.0008 -0.0008 s B ]
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V,|=02248+0.0236  (10%)
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*CLEO C (arXiv:0806.2112) for D — u v,

» World Averaging CLEO, BaBar and Belle (arXiv:0901.1147 & 0901.1216) for D, = | v
» our own LQCD average (http://ckmfitter.in2p3.fr: mainly fully unquenched as HPQCDO7, FNAL-MILCO7,
but also two-flavour simulations).




The Story With D, Decay Constant

But ... discrepancy between experiment and theory for D¢ to | v branching ratios

‘ fitter
Br(D, — uv) =(5.65£0.48)-10° | (g0

_ -3
Br(D; - uv)=(6.17£0.28)-10% %) | Br(D, - 7) = (5.62+0.44) 107 | (8%
Br(D, — 7v) = (5.05+£0.27)- 107 (5%

global CKMFit + our LQCD average

Experiments

CLEO-C’09

Br(D, — uv)=(6.38+0.92)-10° (14%)
fp, =246.31+1.2£5.3 Belle
Br(D, — uv)=(6.74+1.09)-10°° (16%)

BaBar

With recent LQCD updates the theoretical predictions for D and D, purely leptonic
branching ratios are more accurate than their direct measurements, and not in very
good agreement

Little change expected from LQCD (fps well controlled on the lattice)
More accurate measurements required!
=BESIII could achieve 0.7% accuracy on D leptonic branching ratios



CP violation in Psi — 2D — 4V

CP violation in D decays:

*Challenging in Standard Model but clean probe of new Physics
*BEPC will provide intricate DD pairs
oIf CP studied at BESIII a la BaBar/Belle, price for flavour tagging

Haibo Li (IHEP)

Alternative proposal: Psi — 2D — 4V Jérdme Charles (CPT Marseille)
Sébastien Descotes-Genon (LPT Orsay)

DD produced in definite quantum state (L=1)
ete T - DD Fafp

» Observation of final states are CP eigenstates with same CP parity
CP|0)= |0} CP|fafo} = tam{—1) | fafo} = —|fafo}

... means observation of CP violation !

*D—2V high branching ratio (a few % for K*p)

Ikaros I.Y. Bigi, UND-HEP-89-BIGO01, Jul 1989



CP violation in Psi — 2D — 4V (2)
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Conclusion and Outlook

«Charm physics provides interesting cross-checks of the KM mechanism of CP
violation tested in B and K physics

*Two obvious places :
*Semi leptonic decays : good agreement,
but V4 not competitive yet (room for improvement)
Leptonic decays : situation quite unclear for D, decays
disagreement between experiments

» CP violation small in the SM, therefore a good place to search for new physics
e either in a similar way to Babar and Belle
* or through quantum correlations in D pairs

Many issues where high statistics needed
BES can help solve them
and test consistency of KM mechanism with charm



