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CKM Matrix

In SM, weak-charged transitions mix quarks of different generations
$ CKM matrix: free parameters determined experimentally

@ Once we assume unitarity, the CKM matrix can be completely determined using only
tree-level CC amplitudes: I o« |Vij|2

@ The only CKM elements we cannot access via tree-level processes are V_and V.
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\ ’ ° %
Four unknowns using a unitary Wolfenstein parametrization Charles et al.

=» Unitarity-exact to all order in A and phase-convention independent : EPJC 41, 1 (2009)

VoI V.| Vv
2: |2us| -, A2A4: |20b| - [_)‘|‘ZT_]:_ ud :b
|Vud| +|Vus |Vua’| +|Vus Vca’ Vcb

Kobayashi & Maskawa,
Prog.Theor.Phys.49 (1973) 652

Cited 6032 times (SPIRES)

KM ansatz (1973): one irreducible phase with 3 families
% only source of CP violation in the SM




hputs

Use Frequentist significance testing to build statistical significance (p-value) functions from
which estimates and confidence intervals are obtained; test statistic=likelihood-ratio test.
Dedicated Rfit scheme for the treatment of theoretical systematics.

data = weak @ QCD

Vgl  superallowed 3 decays
Vs Kz (Flavianet)
€K PDG 08
'Vup|  inclusive and exclusive
'Vep|  Inclusive and exclusive
Amg  last WA By-By mixing
Ams  last WA Bs-Bs mixing
3 ast WA J/yK*)
Qv ast WA nr, pm., pp
R ast WA B — D) K(*)
2B—rv (168+£031) 1074

—Need for hadronic inputs (often lattice)

PRC79, 055502 (2009)

f.(0) = 0.963 + 0.003 + 0.005
By = 0.723 +0.004 + 0.067
V|- 108 =3.92 £ 0.09 + 0.45
[Vep| - 10° = 40.89 + 0.38 + 0.59
Bg./Bg, = 1.05+0.01 +0.03
Bp, = 1.28 + 0.02 + 0.03

ISospin

GLW/ADS/GGSZ

fB,/fg, = 1.199 £ 0.008 £ 0.023
fg, =228 £+ 3+ 17 MeV



Inputs: y

. 1 u -
@ GLW : D ° decays into CP eigenstate Tree: dominant M'//ré S} K®
_|b
@ ADS : D °decays to K -rr* (fav.) and K *77- (sup.) B {U . g} D"°
@ GGSZ : D ° decays to K rr* 11~ (interference in Dalitz plot) w-
St '} o
All methods fit simultaneously: u \ <
2 L KO-
Y, Iy and O (different r, and o) Tree: color-suppressed U}

GLW: Gronau-London, PL B253, 483 (1991);
Gronau-Wyler, PL B265, 172 (1991)
ADS: Atwood-Dunietz-Soni, PRL 78, 3257 (1997)

GGSZ: arXiv:1005.1096
5% ADS: arXiv:1006.4241 0.2
2 GLW: arXiv:1007.0504 W r L2 |
0.0 st lac A T N I YT e e A B Loy Ly ISy

<> S@ ' 20 40 60 80 100 120 140 160 180
Q_D GGSZ: arXiv:1003.3360 v (deg)
BELLE

o,depends significantly on the value of ry GGSZ: Giri et al, PRD 68, 054018 (2003)
Coverage-adjusted 1D p-value function oV --- D(") K(*) GLW + ADS
for y: aierto - --- D(*) K(*) GGSZ 3 Combined
7172, (deg) P RLE T CL L S L
+11 08 |- : ;'j \‘\. .
Without coverage adjustment: 71", (deg) : i ! :
06 i i ' i
o N ! i \ ]
T 04l i / ‘ -

/, y \
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Inputs: B—T1v
b ; '
@ helicity-suppressed annihilation decay sensitive to x|V | 5 W T
@ Sensitive to charged Higgs replacing the W propagator U y

BR(B' efv)=658&fnf[1— g fo Vol
tag BF(—Tv)[104] >
SL (459M) 1.70+0.82 O snaas | LTI
Had (467M) 1.80+0.61 NE oL Mg
Average 1.76+0.49 - -
SL (657M) 1.54+0.48 NEW 05 9
Had (449M) = 1.790.71 i i
Average 1.6240.40 IS 00 B R T =5
World Average 1.68+0.31 i :
-0.5 — _
Prediction from global CKM fit: 1.0 :_ _
BF(B+—> T v_)=(0. 763J_r8:(1)éélt)>< 10~ - ICfI-IiET’tflJr Cons%traint frcl)m B* - TV, ar|1d Amy -
'1'531.0' N |-0.5| - Io.ol N |0.5| - I1.o| N |1.5| - |2.0

p



KM ansatz: tested to be dominant source of CPV at the EW scale

InputS (theor uncer. under 1.5 i T 1T 1 | 1T T 1 | T 1 I%| T T 1 | T T 1 | T T 1 B}

Contr0| (LQCD)) i excluded area has CL > 0.95 E %% |

i v -

1.0 — A _

) 8 Amg& Amg ]

0.5 - e

- Amg \

= 0.0 A P :

-0.5 —

Overall consistency at 20 level i ]

o -1.0 — € —

May '99-Apr ' - - .

gBABAR ay 99 Pr 08 - % E 'y sol.w/cos28<0

> — ICHEP 10 E (excl: atCL > 0.95) —

May 99-Jun 10 _1 5 B I I | | [ I I | I I | | I | I | | I I I ]
HF AG JRiEeleb)




Global Fit results

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

A=0.812700 A=0.22543+0.00077 p=0.144+0.025 77=0.342" 01

Sides and angles:
R =03717"% IR =0.9227"'%  «=(91.0+3.9)° | g=(21.76"23)° | y=(67.2+3.9)°

B_system

+0.070

ﬁs=(1.041f8j3§§)° BF(Bs_’” ”)[10_9]=3-073—0.190

All measurements consistent with their predictions within 10 except
sin2f3: 2.60 and B—1v: 2.80

m 3 CKM fit w/o sin2 KM 3 CKM fit w/o BR(B — 1t V)
ICHEP 10 —— Measurements (WA) ICHEP 10 ~— Measurements (WA)

1.0

1-0 T T T
08 - - 08 -

06 - - 06 -

-CL
-CL

04~ - 04 —

02 —

0.0 L L 1 Il Il L " 1 1 1 L 1 1 J L1 1 | 111 | | I ) | | I | - ] 7
0.60 0.65 0.70 0.75 0.80 0.85 0.90 1.2 14 1.6 1.8 2.0 2.2 24

sin2p BR(B — tv) x 10*

0.0 =







Sin23 and B—T1v discrepancies

* The combination sin2f3 and B —1v
favors 2 solutions in contradictions with
other inputs.

* One cannot accommodate both
inputs simultaneously in the global fit.

><1p

0.30
- 1 |0 Non-trivial correlation of indirect
025 [ v is (10) 1 [Hos constraints on sin2p and B —1v.
- Measurements (10 i
—~ 020 \ 1 B°%’ The low value of the prediction of
o i 1 |06 B —71v is mainly driven by the
EI 0.15 - 1 Bos measured value of sin23
E - 1 Hoa
0.10 [~ 1 Blos Sources of discrepancies:
N \ i 1) Measurements (stat. fluctuations)?
005 - 7 02 2) Lattice estimate of f_?
il Fit w/o meas. | [o.1 3) New Physics in B—Tv and/or sin23?
0_00‘...11....|....|..1||....‘0_0 9
0.5 0.6 0.7 0.8 0.9 1.0

sin 2



BR(B—Tv) 3w moT, o m]
Am, 4 miynBS(xtHVudF m,
0.40 | T T T T
“Theory-free” estimation of B_ : %
0.35
\J
0.30

_AM 3 Prediction for By
cher 10 . o= Lattice value

d

f, (GeV)

0.20

2.80

0.15

-CL

| | | | | 1 | | | 1 | | | 1 | 1

(=]=]
-
o

0.15 0.20 0.25 0.30

de X Sqrt[BB ] (GeV)

The global fit is accommodated keeping f_ *xB__ =

constant to fit Am_ while increasing f__ to fit B —1v '




2HDM

BIM =] _ oy e Mg, — Mg, tan 3\ [ my \° . b H- r
BIM — Iv]sm H H Mg, + Mgy My~

If perfect agreement SM-data, two distinct solutions in 2HDM(II)
@ decoupling : ry =0 (my+ — oo, tan 3 small) Deschamps et al.
. . . ArXiv:0907.5135 [hep-ph]
@ fine-tuned : ry = —2 (linear correlation between my+ and large
tan 3, depends on meson mass)

3-0 luded has CL > 0.95 H - B%DTV
2HDM Bl Ku2/ mu2
2.5 - Bl Bty
— : 1-0 B T T T T | T T T T | T T T T T T T T T T T T T
% 2.0 . i
S ] 0.8 -
T ] -
g 18 : L osl
|—|o ] 5 :
o 10 \ . T 04l
! ) i
0.5 Fine-tuned - 02 [
solution i
0_0||| ||||||||||||||||||||||||_ 0_0_|||llllllllll
10 05 0.0 05 1.0 15 2.0 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Logw[ tan(p) ] Log [M_/tan(p)/GeV]
BF(B—Tv) meas. favors fine-tuned solution Fine-tuned solution ruled out at 95% CL by

other leptonic+semileptonic observables
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Neutral-B Mixing and New Physics

b C,
ot > b S Nierste&Lenz,
JHEP 706 (2007) 72
—)
S b .
-
.C. b
s u.ct M12 12
M1
3 physical tities in B-B mixing: |MY%,|, |I'? —arg| —2
physical quantities in B-B mixing: 120 s nl, $,=arg I
12

Observables to determine them:
® Mass and width difference: Am =M}, —M]~2|M],

. AT =T]—T75=2|I'{,[cos(¢p,)

AT
p sin(¢,) tan (¢,

12 A m‘]

@ CP Asymmetry in flavor-specific B decays: A{ =

Standard Model:
e M from dispersive part of the box, only internal t relevant

o [ from absorptive part of the box, only c,u contribute (u's are negligible).
[, is a CKM-favored tree-level effect associated with final states containing
a (cc) pair.

New physics:
o [ , can barely be affected, stems from tree-level decays

@ M is very sensitive to virtual effects of new heavy particles

13




Generic New Physics in Bq Mixing: Assumptions ——

. o JHEP 706 (2007) 72
Assume that NP only affects short distance physics in AB = 2: M

Model-independent param. with a complex parameter Aq through:  M{,= Mfgl .. Aq

In the SM,Aq= 1.

= To identify or constrain new physics: measure both the magnitude and phase of M |

T 1T 1 I T 1T | T T T | T T T T | 1T T T T T T

: excluded area has CL > 0.95 ! :

i V(o) Y ]

- Ny +0.035

e 05 Pror=0.161_g55 1

parameter prediction in the presence of NP - —0.43 4f88§§ .

Oscil. = : |

SCl Am |ANP‘ >< AmSh[ i ]

1 q 1 = 00— L PN —

Phuses SM NP L o

29 25 4 03 : _

SM NP i i

2)85 2)83 - (I)s -0.5 — ]

SM NP - Y&v(@) & | ub| a’ removes i

20 20 — 7 =) — 9y - e 1

M / - N<0 solution 4

Bray = Arg[— 4] 1o.q + 05" 1.0 - -

- sin(@SM +<I>NP) - ’Y(OL) % 7

Asym SL A4 M2, 12, 7 %q - | e -

SL f\jShI |ANP| - B I I | | | I | | I I | | I I | I I | | I | i

12 ; 50 0.5 0.0 0.5 1.0 1.5 2.0

Lifetime SM NP -1. -0. . : . . .

diff. AFQ 2‘F19=Q| X COS( 12,q + (I)q ) ﬁ




Constraining A :

ELI B B O B B
|| excluded area has CL > 0.68 | |

2 — Contours:
10: red hashed area
20: plain red line

30: dotted red line

1_

ImA,

 Dominant constraints from
sin2f3 and Am_ (2 rings from 2

sol. for apex of Reference UT)

e B>7v part of Reference UT
> sin2B_, = 0.825 001
>sin2B__=sin(2B_ + ® )
> ¢ ""<0 preferred

Re Ay

 Disagreement with SM driven in same direction by sin23
and A

- 2D SM hypothesis (A =1): 2.50 (w/o B=>Tv: 1.10). 15
« Still sizable NP contribution possible: ~40%




New CDF (5.2 fb™') meas. of (Al ,® ) not

used yet. Waiting for the official Tevatron
average

Bounds from the BS sector

ConstrainingAs: |||||||||!||||||||||||||

| excluded area has CL > 0.68 |
Am &Am_ 2
a_.(yo)
d S
A SL& A SL & ASL
Al &71° 1
+Reference UT

Contours:

10: red hashed area

20: plain red line . FS
30: dotted red line AT &g

SM point

ReA = +0.55")7,

—0.14

— +0.15 [ /
ImAS 0.68_ ., ////////// ‘: \///

/

L \
New Physics in B_- B; mixing

\

Im A
o

« Dominant constraints from Ams,
® **and A

 Disagreement with SM driven in -2
same direction by ® **and A_

« 2D SM hypothesis (A =1): 2.70 -2 -1 0 1 2 3
(w/o B=Tv: 2.70). Re Ag

FPCP 10

Still 1.30 discrepancy between the NP in M__ fit prediction: A_ (NP)(meas. not in fit) =

16
-0.00411+0.0019 and the measurement A_ (WA w/ new DJ)=-0.0085+0.0028.




Conclusion

KM mechanism at work at the EW scale.

Unitarity Triangle:
@ Overall consistency at 20 level
@ Ongoing discrepancy between sin23 and B —T1v = Super Flavor Factory

New Physics in AF=2 mixing:
@ The discrepancy B —1v vs sin2f3 can be accommodated by a new CPV phase in the B,

mixing, in agreement with the latest A_ (DJ) measurement.
a Still a lot of room for NP in the BS, even with the latest CDF measurement of CDS

Precision flavor physics: unraveling the flavor structure of New Physics
@ Will require a second “quantum jump”: going from O(1) to O(0.1) precision is not the
same as going from O(0.1) to O(0.01). Many assumptions will need to be revisited.
@ An average representing a consensus of the lattice community will be mandatory (“HFAG
lattice?”).

Let's check that any (so long awaited) deviation from the SM is a true one and let's hope that
the next decade will be even more successful than the B-factory decade.
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BACKUP SLIDES
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NA48, KTeV,... Belle (KEK), ...

1.5

T T 1 T 1T 1 T
| excluded area has CL > 0.95 |:
1

1.5|III|IIII|II

™ | excluded area has CL > 0.95 |

AmoI
1.0

0.5

-0.5

-0.5

-1.0 -1.0

| fitter
- fees

15 |||||||||i|||| -1.5 |||||||||i|||||||||||
1.0 -05 0.0 0.5 1.0 1.5 2.0 1.0 -05 0.0 0.5 1.0 1.5 2.0

p p

19



- BaBar, Belle and - BaBar, Belle and
CDF/D@ (TeVatron Bs), ... LQCD, ...

1.5IIII|IIII|IIII

|~ | excluded area has CL > 0.95 i

T T T T T 1 1 -5 T T1 | 1T T 1T | 1T 10 T 1T 1 T T 1
[~ | excluded area has CL > 0.95 |
1

1.0 — 1.0 -

0.5

0.5

| T
n

< 0.0

[« B
-0.5 — 0.5 -
-1.0 __ i ? -1.0 __
B T : : - ICHEP 10 .
_1.5||||||||||||||||||||| - _1._IIII|IIII|IIII|IIII|II
10 05 00 05 1.0 1.5 2.0 40 05 00 05 1.0 1.5 2.0
P P
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2HDM

Log 1 0[ m | GeV ]

3.0||||||||||||||||||||||||||||
B All .
25 —
2.0 —
- M= lv+M— Xlv
1.5 — HEP
[~ | excluded area has CL > 0.95
1.0 T R R R I A
-1.0 -0.5 0.0 0.5 1.5

1.0
Log_ [tan() ]
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Prediction of CDS from the fit

@ftjt!l -- prev ASL(WA)

Frcpio . [ new ASL(WA) —— CDF & DO ‘0¢
indirect fit prediction with NP in BB, mixing = CDF "10

NI

1-0 B | | I‘l I I I | | | | I | l_’.\l | | | | I I I | | | | | | I I I | | | | |
08 [ N
0 _I -
1 N “\ i
T 04 SM (-2 ) _
S Rl
i XY 7y
. . 73
n R
0.2 _ \'\ V4 —]
- N\ R4 _
I~ \0 hl —
"\ / S ‘// ]

0.0 [T R T T S S SR RN RN N ik LT TER R PEY L

-150 -100 -50 0 50 100 150
0_(y0) (deg)
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Im Aq

| | excluded area has CL > 0.68 |
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Bounds from the BS sector (without new A_ (D@))

Im A

/

\/////

\
\
/ \
\
. -nm_-/ New Physics in B_- B, mixing
s
A\
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