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Witek’s roadmap

* To cover
— the physics of the CKM,
— the rare decays of B-mesons and kaons

— and, if the time allow, a mentioning of the lepton sectors
(e.g the last results from PSI).

e To convey a message

— that the flavour sector tests already put a very stringent
limits on the possible extension of the SM.

— together with the talk on the LEP EW-legacy, better
identify
e the precision challenges for the LHC EW programme

e the domains where the LHC can be competitive with respect to the
previous results.
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Flavor Physics



Flavor physics

Flavor (in the SM)

— The fermions (Q, U, D, L, E)
— have mass

—  mix Pattern ??

Flavor physics: interactions that distinguish flavors
— Weak and Yukawa

Flavor change, flavor violation

— Only the weak CC at tree level in the SM

FCNC

— Only in loop processes in the SM



The CKM mechanism

 The Yukawa interaction is the unique source of flavor physics
10 parameters in the quark sector. Ad Hoc.
* Inthe absence of Yukawa couplings: Flavor symmetry

 The Yukawa terms break the Flavor Symmetry bringing quark
mixing: The CKM mechanism, with the unitary matrix V.

11 1] 11 15 11 15
di V= Vea Vs Ve
Via Vis Vb

e B factory legacy

“Very likely, Flavor Violation and CP violation in flavor changing
processes are dominated by the CKM mechanism” (Nir et al.)



The CKM matrix

e Falsifiable at low energy:

— 4 parameters measurable in many processes
— 3 mixing angles and one phase: CP violation
— Interference patterns, therefore enhanced sensitivity.

R
€120C13 $12€13 s13€
7o I e o 0 o e o 10 Y
V = | —s12023 — c12593513€" €12C23 — §12523513€" $23C13
i _ 5
$12893 — €12C23513€" —(192593 — 812¢93513€"  (23C13

e Observed hierarchy inspired the Wolfenstein parameterization

1 — 42— L\ A AN (p — in)
Vie [ X4+ 2AZN5[1 = 2(p+im)] 1 — 322 — 2A%(1 +442) AN?
AN — (1 — %AQ)(;J +in)] —AN% + %;4)\4[1 —2(p+in)] 1-— %_,42)\4
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Unitarity triangles

VudVis | VeaVes | VidVi

. .
 The kaon triangle e e T
* The Bs triangle VVE Vi VLV
0= T+ T 7 s
VesV ch VesV c:’;: VsV CEJ

—_ Vuch:l V V n Vuch:)

 The D triangle U VEVERAVEVLREVEYE

us = Cs us = Cs us = Cs

*

e Jarlskog invariant J = A%2\%(1-A%/2) ~10"°

5%

4 / 4 7k .
’[. udl b ’[ r:'.dI' b ’[ tdl' 0

0=+ _—9 4 — B0
e The UT VedVy  VeadVy  VedV
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CKM: the matrix and the UT

Phase convention independent parameters

V Vb—I—VCdVb—I—thV?, — O

| Vis|?
N\ = us . _
Vial® + Visl® 1 VedVy | VeaVehy | ViaVih
A2 \4 — | Vcb|'2 V cdl ch Iv’,:d LI.-;E.) |} d ‘[CE
[V |? + | Vus|? - (_ _)
5+ In Vid Vi T
p+ 1= — :
Ved Vcb
p+in = V1 — A2Xi(p + in) (0,0) 1.0) R/e

VI AZ[1— A2\4(5 + i)
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CKM matrix and UT

2
1 = 1 = 1
1988 1995
: |€'J’8|,KO—)TED\I)V 0.5 B 05+
0 &l °-:|' T —y 05 1
K'—nvy P p
v = 000 = 003
sin 20 05 | 05 I
@
0705 o0 05 1 % s 05 1
[y p
_2 I | I I I | I I I I I
2 -1 0 1 2
. . 0
Falsifiable at low energy:
4 parameters measurable in many processes,
2 realizing that A is precisely known and A factorizes My focus
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The strategy

 |nitial strategy when planning the B factories
— Test the validity of the Standard Model
— |If there is a discrepancy, look for new physics
 Current version
— The SM (CKM) is valid: Precision tests
— Look for NP within the uncertainties

— The CKM fits reveal a few tensions
— New measurements (not precise yet) on the Bs

 There is a new physics flavor problem



Precision flavor tests



Theory to interpret flavor measurements

* K, (D), Byand B,

— Lightest quarks in a generation undergo rare (decay,
mixing) processes.

e Atlow energy, integrate out W, Z t, resultingin 3 (4) or 5
active flavor effective Hamiltonians written as an Operator
Product Expansion (OPE)

_ - cT

— DeltaF=1

— Their interference / \
Wilson coefficients Non perturbative QCD,
Calculated perturbatively the hard part




AB=1AC=0,A8=-1_
Huy

AF=1

+AL (C1(1)QF (1) + C2(1) Q5 (1))

42 (MO Q) + Cal12500)

where the A\j =V} Vs and the operator basis is given by

CA

gP

EWP (quarks)

(43)

10
— XY G Qilp))
i=3

<CS

5
Q3 = br"'st qr7edL
T Ne
= bpy"st Z‘?R ulp
----g-___l _______
B B
Q — ba Hs D{ CodrTuldr
q
, =B B
Qo :_ba Fst CqdrTndr,
q

____g____‘?. ________

—5
s = Zh‘r‘ r“.s‘f Z(:.‘QQR?’#QE

Q1o = ?L“rp 7 Z qfi‘L’}pﬁ*L

_ _(44)

There are golden modes, and non-golden modes.
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AF=1

For v, lepton pairs final states, radiative penguin processes,
remove the quarks EWP, add new (CA) EWP with on shell y, Z

€ =
R, X'a G 71 2 !
(_27.-}.- — 161,72 ”?bbLU pr-‘.&L
_ Ys _ Ta pr A A o
QSQ — W'”?bbl’n (‘TJLU)T ST

_ 1- -
Qov = Ebf Y sT lyul —
] EWP (radiative)

B _C‘f ; x _'-\ -

& oL ) - .
Hw = —47‘;\? (; Ci(p)Qi (1) + Cry (1) Qry (1) 4 Cg (1) Qsg (1)

+Cov (1)Qov (1) + Cr0()Qr0a (1) ) (48)

Trouble is at low energy, to compute the matrix elements of the effective
operators. Use factorization theorems (QCDF, PQCD, SCET) and Lattice QCD.
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AF=2, K and B mixing

Easier formalism, only one type of operator, collapsing box diagrams.

_ G2 . . .
'Hﬁfs_g = %f\fﬁv ()\3?;150(1:@) - )\?;';gb'g(;ft) + A Aen3So (g, ch))QS
R F0|OAS=2| [0
Qs = Sryudr 5p7%d,  Bg = (5 BQZ 2| ) Bag factor
Tk

G?ym%_rm K fﬁf B
1« f 2 K
122 2 Am g

ek | = {-r;cc S(xe, re)Im[(Veg 1’2&)2] + S (g, 2 ) I [(Vig 1’;3)]2

+ gnct S("I: cy L t) IIH[L;SL;& L%S 1;:3} } )

Long distance effects break the OPE. Hence not applicable to Am,

2
! 2 2 o Ay
Amg = 6,F2 nmB, fp,BamiyyS(x) [ViaVi £ = fB,VBs
i
de V Bd
G2 o , :
A'IHS — G FQ‘??BTHBS 62 f_%dBdﬂ?-IQ&-’S(ﬁ) Ht,gl’tmz Latt|Ce, cancellation
27T
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Input to the CKM fits

Only take observables with theoretical uncertainty under
control.

Experimental direct determinations of the CKM matrix
elements (sides).

CP violation and mixing observables (angles)

Theoretical parameters
— determined from experiment
— or from theory (LQCD or other)



Mixing, Acp(t) in the CKM fit
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o, Br(B>1v)

e For a, fight the hadronic NOZTM -~ B wpplpr (BABAR)
.« . . . Simercs” -~ B — nn/pp/pn (Belle)
uncertainties by using isospin. £ B — n/pplom (WA)
Works very well in the pp system AR Y S

1-0lllllll III Il I IIIIIIIIIIII;I
i

* Skip - 0:6 - '—:
— Fory, combine GLW, ADS, GGSZ : b :
methods in B, = D(*)K(*) E ! ot )

— Vub, Vcb from the Bd semileptonic s Ko R N

0 20 40 60 80 100 120 140

inclusive and exclusive decays o (deg)

>400F;
o

it
8300 (semilep. tag)

e Br(B->1v) interesting, points to T e
higher Vub, but see below

£ 200" (hadronic tag)

- 3200
F c
F o150
wf " ug | @100p
_— I | ; 50¢ ~background
% "%z o4 068 08 1 '1.2‘E e iz g
S - N NP5NEN75 1
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3.2 The global picture T

Referenon s CET TH

[ Vo] {mmnelei) 0.07425 + 0L00022 1 * 5
[ Vsl (K} 0.2254 £ (L0013 [2] * 2
[ Fisl (3,92 + 0.09 + 0.45) = 103 [3, 4] * &
[Feal (4080 4 0,38 + (.50) = 10— [3] " *

List of the inputs: in the details. K (2:229:4 1.010) = 107 [ »

Amg (0507 £ 0L0G) pa— [3] *

Ain, (1797 £ 0.12) pe— [63] *
sin{ 28 0,673 + 0L023 3] * &
The ones we discussed in Bt s, 0 Inpats o isospin analysis v . :
B all charges [nwputs to isospin analysis [3] * -

p revl D u S C h a pte rj a n d " ST'..__L- l.'_-':l_:,‘. ."'.rl;ll",. q:r [:n[mt:-s Lk ihl.m]:liu ?I:IIH.I._‘-':iih |3]

B:.,._.-_ all charges Inputs to isospin analysis [3] -

BY — [pm)" = 3n Thme-dependent Dalitz analysis [7. 8] -

"

a’ B~ = DR Inputs to GLW analysis [3] -
B~ = DR Inputs to ADS analysis [3] -
B Ll GGSE Dalitz analysis [3] -
Lattice parameters. And ratios. (Bw e ) (168:+031) x 10 o -
3 ——-"”f/ (1.286 4 0,003 + 0,407 Ce¥ [12] *
g g ) (165,02 £ 1.16 £ 0.11) Ge¥' [149] *
By 0,723 £ 0004 £ 0,067 [18] * *
g () 01176 < 0.0020 [5] : .
Tec Caleulated from 7.(m..) and o [17] i
e 1,47 + 0,04 [15] "
et 0.5765 = 01,0065 17, 18] .
1551 = 0,007 [19] : "
{228+ 3 + 17) MV [16] i .
1.28 + 0,02 + (L03 [18] * *
1,199 & 0008 £+ 0,023 [16] - *
105 £ 0ud £ (L03 [16] * .

The tauonic B decay. Deserves a
brief description.

S.Monteil Ecole de GIF 2010
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CKM status

Global fit results described by Frank Porter at ICHEP

0.97418 + 0.00027 [J,_’_?

3= 0.0008 0.00392 £ 0.00046
0.230 £ 0.011 04 £+ 0.06 0.0409 = 0.0007
0.0081 = 0.0005 HH 7 = 0.0023 0.88 = 0.07

Still plenty of room for a fourth generation.

15/12/2010

[CHEP 2010 averages (assuming 3 x 3 unitarity, SM)

A
A

p

7
a(”)
sin 24
v(%)

CKMfitter, ICHEPH] UTtit, ICHEP10

0.812+0913
0.225430.00077

0.144 +0.025 0.132 = 0.020
0.342+0016 0.358 = 0.012
91.0£ 3.9
0.689%5 05 Much less precise than the EWPT

67.2+3.9
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Global fit results

Inputs (theor. uncer. under 1.5 _|' lldldl |hI CiLI l || N ! ey L B B B
Contr0| (LQCD)) excluded area has CL > 0.95 | \%’\

b
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g \
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S. t'Jampens at ICHEP10
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tree

loop

CP cor

CP viol

w/o 1

w/o s2[3
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Tensions

e Some measurements are difficult
— V,, and V_ in semileptonic B decays
— sin2P

e Variations of the fit reveal some inconsistencies
— BR(B =2 1Vv), sin2P,, [&(]
* The new Bs measurements

— @, Semimuonic asymmetry A ®



V,, and g,
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L 1 5 ' | - ]
0.2 i A ] - i )
: i‘ ' ' : 0.2 __ __
n L Ll "‘I 1 I I J“ | 1 ‘r\J 1 1 1 I 1 L I-.-II"- L | L 1 1 1 ] I .
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Sinzﬁeff

in (2 Beff)

sin(20; )E

PRELIMINARY
b—ccs  World Ayerage o o | 0.67£0.02
i ‘BaBar ] 0.26 +0.26 + 0.03

X Belle *— 0.90 *2%
Average 0.56 "0 18
- "BaBar i © T 05710.08+0.02 |
x Belle ' ' 0.64+0.10+0.04
= Average i : 0.59 +0.07
T BaBar R T TGG0 G

« Belle : > ' 0.30+0.32+0.08
_____ 58" Average ) 074047
o BaBar : © 0.55+0.20 +0.03
= Belle < 0.67 £0.31£0.08
B Average i 0.57 £0.17
7, BaBar - "055*.§§?+006+003"
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< Average 0.54 513

. BaBar T [E— © 1 055'9%+002
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L . Average . 0.82+0.07
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sin23 and BR(B2>1V)

Wolfenstein parameters:

(relative precision: 2.5%, 0.4%, 17% and 5%)

+0.013

A=0.81270031 A =0.22543+0.00077

p=0.144+0.025

+0.016

n=0.342_ ;s

Sides and angles:

4 +0.015 0.025
R,=0.3717 ., |R,=0.9227 "

a=(91.0+3.9)°

B=(21.76107)°

y=(67.2+£3.9)°

B_system

B,=(1.0417;55) °

BF (B,—up)[107’]

+0.070

=3.073_g.190

St. t'J @ ICHEP10

All measurements consistent with their predictions within 10 except
sin2B: 2.60 and B—1v: 2.80

ICHEF 10

3 CKM fit wio sin2p
== Measurements (WA)

i-CL

080

-CL

ICHER 10

[ CKM fit wfo BR(B — t V)
== Measurements (WA)

12 14 16 18 20
BR(E —tv) x 107

22

2.4
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G4
D'(M™ — (") = F Hf uqd| firmym? (l —

sin23 and BR(B—2>1V)

e Correlation BR(tv) and Amd

1-CL

0.30 ’_‘1.0'3. — - 1.0
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0.25 — —
B ] 0.8
L 1 o7
~~, 0.20 — ]
B C ] 0.6
m 0.15 — ] 0.5
E - -
B 1 0.4
m L |
0.10 — _
C ] 0.3
- { ®o.2
0.05 — —
C KM ] 0.1
~ ICHEP 10 - ’
0-00 1 | 1 1 1 1 | I 1 1 1 | I 1 | 1 0.0
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sin 2
15/12/2010

?TLE

)
5 )
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Also sensitive to charged Higgs
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-1.0 -0.5 0.0

T T 17 | T 17T
excluded area has CL > 0.95 )

ICHEP 10

Am,

Constralnt from B* — t* v, and Amy, -
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Recent TeVatron measurements

=0
g = NB (1) = X)) = N(B(t) = 7 X) _ |p/ala—la/pla
SL — . —0 , 2 12
N(B(t) = (+14X) + N(B(t) — -5, X) P/l +1a/pl3

Al = —0.0047 % 0.0046 (B factories) )
Al = —0.00957 + 0.00251 (stat) + 0.00146(syst)

-0.0
"EDo A,
Al (SM) = (=2.3708) x 107 3.20 092 Standard Mode
0.03- — B Factory W.A.
| -EDOB D, uX
0s = arg [—Mys /T'19] AT e .

-0.04-0.03-0.02-0.01 0 0.01 .
as]

28°M = 2arg [~ (Vi Vi) / (V. V)] = 0.037 £ 0.002 ~ 0.04.

SI, = |‘M512511105 ATy = I'y = TI'y = 2|I'f5| cos ¢

s
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HFAG accounting of TeVatron

AT [ps_]]

HFAG m
0.6 CDF_Run Il Prel. 281" +DO 2.8 0.6 CDF RunliPrel. 2|.8Iftl1_1l + DO 238 lfb'l1 Ay | Endos
68%CL | n } 68% CL
95% CL R - : 95% CL
04 i 99 CL -&- 04 L : 99% CL
0.2 4 0.2
0.0 - [ Y e ]
\ ; |
-0.2 y —0.2_‘@ 1
2.3c from SM i 2.80 from SM
-0.4 -0.4f | ]
06— . . . 0.6 i . . .
-3.0 20 -1.0 0.0 1.0 2.0 3.0 -3.0 2.0 -1.0 0.0 1.0 2.0 3.0
¢J/v? = —237/%9 [rad] @7V = —237/%9 [rad]
ATl ‘, _
plot tan o, include

A M,
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Potentially predictive areas

The SM test passed with flying colors (2o consistency)

Learn from the past looking glass?
— charm existence (GIM) and mass (K mixing)
— 3rd Generation (KM)
— Top mass (Bd mixing)
New physics in loops =2 fit CKM parameters with trees, compare to
loops.
EDM constraints
The flavor structure of 1 TeV scale New physics is non generic
— The MFV scenario
— Other approaches
Phenomenological attempts
— Generic effective theory (Fermi)
— Specific models



ImA,

CKM fitter generic searches

SM+NP | — SM D,
(By|Hapoy |By) = (By|Hab=2|Bi)  arxiv:1008.1593v2 [hep-ph]
x (Re(Ay) +ilm(A,)
:|Iexclludet; ar;agh!aﬁ\ | 1 i | excluded arela has CL > 0.68
E ol —
AT  &fS
1= _
= SM point
m i
Q 0 I
E i
_ -1 ’ \
o | ME/E. New Physics in B - B, mixing - /i : _
W HHYSIES N By~ Ba MIXING g -2 %/ New Physics in B_ - B; mixing
c IEEIE-// S
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Phenomenological strategies

e The SM as a low energy effective theory

— what are the new energy scales?

— what are the new interactions and symmetries?
e EWP arguments favor A~1 TeV (Andreas’ talk)
e Two main strategies (see e.g CKMO08)

1. Model independent a la Fermi

DF=2 strongly constrained unless selection rules (symmetry) imposed
MFV is an example

2. Explicit high energy models

e  SUSY e.g. Mass insertion approximation in general MSSM
e Ornon SUSY



Model independent approach

@
Lot = Lsm + Y ﬁ O\ (SM fields).

 Forinstance assume no NP affecting the CKM fit in processes with
SM tree.

e Generic AF=2 NF
e flavor problem A

1.3 x 10% TeV x |cog|t/?

4.4 TeV
- - . 12 T Lo 11/2
Z Ve 5.1 x 102 TeV x |cpq|Y/
T y

* weak constraint 11 % 102 TeV x

1/2

Chs

e MFV (minimal flavor violation)
— A symmetry (the non Yukawa SM flavor symmetry)
— Symmetry breaking only by the SM Yu and Yd B— Xy, B— X 0+~
— Generated scale above but not far from 1 TeV
— Some predictions, not spectacular €K, AmB,, AMp,
By — pm ™
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P. Para-

disi, and D. M. Straub, Nucl. Phys. B830, 17 (2010),

0909.1333.

W.

Altmannshofer, A. J. Buras, S. Gori,

Explicit high energy models

AC | RVV2 | AKM | 6LL | FBMSSM | LHT | RS
D' —D° *hkk | Kk * * * *kk | 7
K * | kkk | kkk | Kk * *k | okok
Sue *hkk | dkok | kokk | K * Fkok | Hookok
Soks *kk | Kok * | kkk | Kkk * ?
Ace (B — X&) * * * | kkk | Kkk * ?
Ars(B— Kptp™) | % * * | hokk | kkk | Kk ?
Ag(B — K*ptp™) * * * * * * ?
B — K®up * * * * * * *
By — ptp~ *hok | kkk | kokk | kkok | hkxk * *
K+ — 7tui * * * * * F*okok | dookok
Ky — i * * * * * Fookok | dookok
- ey *kk | dkok | dkok | kokk | kokk | kokok | ok
T =y *kk | kkok | k| kokk | kokk [ kokok | kkk
p+N—=e+N *kk | kkok | dokok | kokk | kokk | kokok | kokk
d *hkk | kkok | kokk | kk | kkk * | kokok
de *hk | Kkk | Kok * * Jk * | dokok
(9—2), *hkk | kkok | hk | kokk | kkk * ?

J. Chauveau Workshop precision at LHC

Table 8: “DNA” of flavour physics effects for the most interesting observables in a selection of SUSY
and non-SUSY models % % signals large effects, %9 visible but small effects and % implies that
the given model does not predict sizable effects in that observable.
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A new generation of experiments

e LHCb
e Super Flavor factories
e Rare kaon decay experiments



Observable SM Theory Present Future [Future
prediction error result error |Facility
el WVus|  [K — 7lv] input 0.5% — 0.1%Latt 0.2246 +£0.0012 0.1% |K factory
o
a \Ve|  [B — Xclv] input 1% (41.54+0.73) x 1073 1%  |Super-B
()]
— V| [B — wly] input 10% — 5%rate | (3.38£0.36) x 1073 4% Super-B
g ¥ B — DK] input < 1° (70F370)° 3° LHCb
8 SB,suK sin(23) < 0.01 0.671 +0.023 0.01 |LHCb
O_ ; - N 4+0.12 R
8 SB.ve 0.036 < 0.01 0.8175 55 0.01 |LHCb
8 SB,— oK sin(2/9) < 0.05 0.44+0.18 0.1 LHCDb
.; SB.— ¢ 0.036 < 0.05 0.05 |LHCb
© SBy— K+~ few x 0.01 0.01 —0.16 £0.22 0.03  |Super-B
SB.—dy few x 0.01 0.01 0.05 |LHCb
- Ad, —5x 1074 10~ — (5.8 £3.4) x 1073 10=3 |LHCb
C_) As —5 =5 % % % -3
ar Agp 2 x 10 < 10 10 LHCDb
LB Acp(b— s7) < 0.01 < 0.01 —0.012 +0.028 0.005 |Super-B
Q. B(B — Tv) 1 x10~* 20% — 5%rLate | (1.73£0.35) x 1074 5% Super-B
g B(B — uv) 4% 1077 20% — 5% Latt <1.3x10°6 6% Super-B
@) B(Bs — p*pm) 3% 1079 20% — 5% Latt 5 x 1078 10% |LHCb
% B(Bg — p ) 1x 10719 | 20% — 5%Latt < 1.5x%x1078 [?]  |LHCD
— App(B — I{*;_.z.+;_¢._qu 0 0.05 (0.24+0.2) 0.05 |LHCb
B — Kvrv 4% 107 | 20% — 10%Lats <14x107° 20% |Super-B
15/12/2010 J. Chauveau Workshop precision at LHC
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INP compilation

|¢/P| D—mixing 1 <1073 (0.86701%) 0.03  |Super-B

D 0 <1073 (9.6752)° 2°  |Super-B
B(KT — ntuw) 8.5 x 10711 8% (1.73%108) x 10710 10% |K factory
B(K; — n%vi) 2.6 x 10~ 1 10% <2.6x10°8 [?]  |K factory
RE/M(K — wlv) 2.477 x 1075 0.04% (2.498 £0.014) x 10~ 0.1% |K factory

B(t — c¢Z,~) O (10713) O (10713) < 0.6 x 1072 O (107°) [LHC (100fb~1)

TABLE VIII: Status and prospects of selected B 4, D, K and ¢ observables (based on information from

Ref. [46, 91, 92]). In the third column “Latt” refer to improvements in Lattice QCD expected in the next

5 years. In the fourth column the bounds are 90% CL. The errors in the fifth column refer to 10fb~1 at

LHCb, 50ab™! at Super-B, and two years at NA62 (“K factory”). In the third and fifth column the errors

followed by

not found a reliable estimate of the future experimental prospects.

15/12/2010

J. Chauveau Workshop precision at LHC

“%7 are relative errors, whil the others are absolute errors. For entries marked “[7]”

39
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Outlook

SM test passed (2o consistency).

The precision is much less than for the EWPT

Next generation of experiments can improve.

Also in the lepton sector (PSI experiments): G, LFV.
Lattice must match the experimental projected precision.
There is room for a fourth family of fermions.

~2-3 o discrepancies in the CKM fits to be watched.

How much can we hope to learn about the NP flavor problem from
low energy measurements?

If new particles seen at the LHC, flavor measurements to tell the
couplings.

Still no clue to “who ordered that?”, the BAU.
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BACKUP

J. Chauveau Workshop precision at LHC
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Amplitude structure in the SM

T e P w o
b - b . EWP
Vs 124 92 g
™ " Cabibboand
) color
A4 suppression
d1 / gz = 2

P, Charmonium Kg , B
= DK Jeff
Accd 7 Vio Vg™ P ¥V Vg™ Ted DD 3+¢
Aud ~ Vio Vg7 P+ Vi Vg7 Tuud T Olef

(T + T cs) common D decay modes DK Y

11/16/07 OSU J.Chauveau CPV in B and CKM 43



Model independent AF=2 detailed

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im
(5pv#dp)? | 9.8 x 102 1.6 x 10% 9.0x 1077 3.4 x107° Amg; ek
(spdp)(5pLdr)| 1.8 x 104 3.2 x 10° 6.9x 107 2.6 x 10711 Ami; ek

(epyPur)?

(crup)(cpupr)

1.2 x 103
6.2 x 103

2.9 x 103

1.5 x 10*

56 x 1077 1.0x 1077
57x107%  1.1x10°8

Amp: |q/p|, oD

Amp: |q/p|, op

(bry*dp)? 5.1 x 102 0.3 x 102 33x107% 10x10"° Amp,; SyK.
(brdp)(brdg)| 1.9 x 103 3.6 x 103 56 x 1077 1.7 x 1077 Amp,: Syk s
(bry*sp,)? 1.1 x 102 7.6 x 107 Amp,

(brs.)(brsg) 3.7 x 102 1.3 x 1075 Ampg,

TABLE I: Bounds on representative dimension-six AF = 2 operators. Bounds on A are quoted assuming an

effective coupling 1/A2, or, alternatively, the bounds on the respective ¢;;’s assuming A = 1 TeV. Observables

related to CPV are separated from the CP conserving ones with semicolons. In the By system we only quote

a bound on the modulo of the NP amplitude derived from Amp_ (see text). For the definition of the CPV

observables in the D system see Ref. [15].

15/12/2010

J. Chauveau Workshop precision at LHC
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MFV bounds

Operator Bound on A | Observables

HT (DrY Y “Y"0,,QL) (eF,,) 6.1 TeV B— Xy, B— X (70~
L@, Y "Y"4,QL)? 5.9 TeV | ex, Amp,, Amp,

H;B (ER}’C‘TY“Y“*JH,I,T“QL) (9sGr 3.4 TeV B — Xgv, B— X (70—
(QLY*Y*1,Q1) (Erv.ER) 2.7 TeV B— X0, Bg — ptpu~
i (GL}’”}’”TP}-f#QL) HEer.HU 2.3 TeV B — Xt~ By — ptp—
(QLY"Y"17,Qr) (LrvuLr) 1.7TeV | B— X T¢~, By — putp~
(QLY"“Y*14,QL) (eDpFuw) 1.5 TeV | B — X T6™

TABLE II: Bounds on the secale of new physics (at 95% C.L.) for some representative AF = 1 [27] and
AF = 2 [12] MFV operators (assuming effective coupling 41/A?), and corresponding observables used to

set the bounds.
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Rare B decays
3.3 Standard Model Predictions from the global fit.

+ CKM parameters: * Rare decays:
U.013 —
A = 08125507 BB —717v;) = (0.76376;)107°
A = 0.22543 +0.00077 B(Bt — ptv,) = (0.38779:943)10
p = 0144005 BB, — pp) = (30733591070
n 0.342 ¢ 015 BBs —pup”) = (9.877983)10° 1!
0.18y10—5
J = (29671510
+ Matrix element / angles « Lattice parameters (!)
(including Bs system) Bx = 0.83704%
Vol = 0.0035425:00020 ¢ = 11957005
sin28 = 0.83070-013 fs. = 235.8=+89MeV
sin28s = 0.0363 £0.0017|
S.Monteil Ecole de GIF 2010 21

15/12/2010 J. Chauveau Workshop precision at LHC
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B Physics @ Y(45)

il SuperE (75 sh Y

Observable

B Factories (2ab™ ')  SuperB (75 ab™1)

[ V| [exclusive)

0.005 (1)
0.05
002
0.
0.02
0.03

0.02 (=

0.01 (=)

0.02 ()

0.02 (%)

0.03 (%)

0.02 (=)

2.5¢
2.F
1.5%
-2

a0

-2 (al:]
98

-2 {#)

50

in(2d] (i KO 0.018
s(23) (T3 %) 0.30
inf24) (D&Y 0.Lo
(27) (R 0.20
[Jfn") 0.L0
(DtE) 0.20
() 013
K" 0.05
[(EIEIED 0.15
015
0.LY
012
B — DK, D — OF eigenstates) ~ 15¢
B — D, I — suppressed states] ~ 12
B — DK, 0 — multbody stutes] o~
B — DK, cotnblnad) ~ 6
(B — wm) ~ 16"
(B — ppl ~T
(B — px) -1
[eombined) ~ 67
20
Sensitivity
B(T — L) 2 x 1072
Bt — ex) 2% 107?

B(r — ppp) 2x10710

B(r —eee) 2x10710

B(t — un) 1x 101

Birt — en) 6 x 1010

15/12/2010

| V| [inclusive)
|V | (exelusive]
|Vias| {inclusive]

BiB —rv)
B(E — v
B(E — D)

B(BE — p7)

BB —wy)
Acr(B —+ K*)
Acp[B — pv)
Aeplb — )
Acp(b— (s +4)7)
S(E ")

S(a"y)

Ace(B — K*49)
ATE(E — K '),
AFB(E X i),
B{E — K7
B(E — zup)

A% (%)

20%
0007 (1)
~ 0,20
D012 (1)
o3
0.15
posshla

%

B, Physies @ Y(5S)

Observable

Error with 1 ab™'  Error with 30 ab™

AT

r

e from angular analysis
A,

Acn

B(B, — pu7)

[Via/ Ve

B(Bs — 'fl'“')'}

. from Jjid

3. from B, — KYK"

0,16 ps—! 0.0 ps!
0.07 ps~* 0,01 pe!
20° 8%
0.006 0.004
0.004 0.004

- < &% 1077
0.08 0017
8% T
10° 3"

247 11°

J. Chauveau Workshop precision at LHC

—
Charm mixing and CP
Made Observable  T(45) WL{ATT0)
(75 ab~') (300 1)
R " 3 107°
Y 7% 107
' KTR- yor G107
D' KixTn™ @ 4.0 107t
y 3.5 x 101
le/pl  3x1077
'3 2°
w37 =0T & (1-2) % 107
y (1-2) x 107°
cos 8 (0.01—0.02)
Charm FCNC —
Sensitivity
D" —ete, DY = ptp~ 1x107%
D" — g% Tem, DU — 5"t 2% 107"
D" s pete, DV — putp 31078
D — KlTe™, D" = Koutpu~ 3x10°8
Dt srtete, DY s wtptus 1x10-%
D" — ety 1% 1078
Dt o gtety™ 1 10-%
D" — g%ty 2x107%
D" s petpT 3x 1078
DY — Kletput 3x10°®
Dt = gmetet, DT K-etet 1 x10°%
DY e ptpt, DT - K-ptpt 11078
DY = g eu, DY Ketput 1x10°%
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Rare B decays

Bs—p p~ | Kp —7nvw | Kp — pe | p— ey dn,
SM 3-107° 3-10~ 10~ 10—>4 102 e cm.
Exp Bound 4.10~% 6-10—% 10~12 10— 5-1072% e cm.

Table I. Approximate SM values and experimental upper bounds for selected branching ratios and
the neutron electric dipole moment d,,.

15/12/2010 J. Chauveau Workshop precision at LHC 48



e K2mvv

B(KT — 77u0) = rg+

B(IlL — T

15/12/2010

0 1

Rare kaon decays

302 B(I’f+ — ’?TOE’—l_.U)

Im(Vi,V,

2 ?TQ ‘ 1":,_LS

e

ts

. - " T b 2
X ( Tt )th L’t S + X c V cd V s

2 sin? Ow

) = KL G

) 2
X(;rt)} — kp AP X2 () + O\
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Measurement of Br(K,=2 ntvv)
ZO

A(K —> 770‘/;) OCVt;Vts _Vt;\/td
=2xV, xIm(V,) KE<
ocny

v'The clean process :

1~2 % theoretical uncertainty =

v'Sensitive to New Physics.

H. Watanabe at ICHEP10




0

B[KI‘—}H Vv

F. Mescia and C. Smith updated in June, 2010.

BS‘“ 1.8 x Bs‘“ S.DxBSH [
S
114.8 f/% ) %/
103.6 Excluded area / 36 x Bgy,
Grossman-Nir bound Exel: 68% CL
92.4 E787-849 b

o2 MSSM-A . 28X Bom

:: i %/////%// 20 x B,

Z///////éé/ 13x B,
. V//////:// 9 x B,
14.1 %/ﬁ ! Pz MFV-EFT.(+) ’%///////é > X Bm

MEV-MSSH
29[ CMFV I[:://;”KKKKKK// A B

b=
L
(B

SM

58 80 102 124 14.6 168 190 21.2 234 25.6 27.8
+ + 11
B(K ->m vv) x 10



Sawada

MEG (2) o

Spiro

Event distribution after unblinding
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Sawada

MEG (3)

Event distribution after unblinding
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Blue lines are 1(39.3 % included inside the region w.r.t. analysis window), 1.64(74.2%) and 2(86.5%) sigma regions.
For each plot, cut on other variables for roughly 90% window is applied.

Numbers in figures are ranking by Lsio/(Lavp+Laa). Same numbered dots in the right and the left figure are an identical event. I 7
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Sin23 and B—1v discrepancies

CKM (2)

T’ Jampens
Porter

Spiro

BR(B — 1v)

* The combination sin2p and B —1v

favors 2 solutions in contradictions with

other inputs.
» One cannot accommodate both
inputs simultaneously in the global fit.

=
=
o b

0.30 T T T T §
ozs - -
- Measurements (10) ]
020 |- \ .
0.5 [ ‘ .
0.10 - ]
0.05 — \ -
- Fit wio meas. -
~ ICHEP 10 1
0.00 PR N W TN [N N Y ST TN [N N N Y T [N O Y TN T [N WO SO TN 1
0.5 0.6 0.7 0.8 0.9

sin 23

1.0

0.7

0.6
0.5
0.4
0.3
0.2
0.1
0.0

P —_— — —T
sncluded acea has C1 = 0.95

MNon-trivial correlation of indirect
constraints on sin2@ and B —1v.

The low value of the prediction of
B —1v is mainly driven by the
measured value of sin23

Sources of discrepancies:
1) Measurements (stat. fluctuations)?
2) Lattice estimate of f_?

3) New Physics in B—1v and/or sin23?
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