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ckm matrix and unitarity triangle
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outline

% summary of the SM fit (very quickly)
= few wordson the" tension" (also very quickly)
+ new physicswith the rrodel inclepenclent znalysis
new new-physics-oriented constraints
resultsin K, By, Bs sectorsfor NP parameters
% MFV scenario analysis and results
= pergpective with the future machines

LI '
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the method and the inputs: Bayes Theorem
(P, 1, X|c1, ..rem) ~ || Fi(Clp, 71, X)=

7=1,m

1] fi(zi) folo, )
i—1,N
Standard Model +
OPE/HQET/

EK L attice QCD
to go

. from quarks
’ | tohadrons

CKM fits
I

Acp(J/YKg)

M. Bonaet al. (UTfit Collaboration)
JHEP 0507:028,2005 hep-ph/0501199

M . Bonacet al. (UTfit Collaboration)
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CKM fits

LEP- style analyssm the p-n plane:
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angle constraintsin the p-n plane:

-1 -0.5 o 0.5 1

using only J/wK®° "
and including the
theory error = 0.012
[hep-ph/0507290]
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results
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i
Bayesian probability A popular Frequentist C.L.
isospin analysis . isospin analysis
g | mistake: T T e oo
§ o from o l
: -can CPbeviolated ¢ :
£ sos with o = 0? ‘;
Remember that : j :
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o [° o (deg
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M. Bonaet al. (UTfit Collaboration)

the global fit: JHEP 0507:028,2005 hep-ph/0501199
_ http://www.utfit.org
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NP should
appear as
«corrections)
to the
CKM picture

N

-1 -0.5 0 0.5 1
p=0.163 + 0.028 | p

Coseners Heavy Flavour Forum, June 21°%, 2007 n= 0.344 +0.016 9




Marcella Bona

tension in the current results:;

Arﬂ'd-l-Arns-l-vub-l-lvcb
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n o -u.‘boa 0.0035." 0.004 0.0045 0.005 85 os 'u.; TR
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I
Indir ect measurement exploiting V,

(Best SM prediction)

) _
2 Uit fe= (190 1 Mev: [UTAL - prgostvy (0.89%+0.16) 107
3 SM prediction V= (36.7 £ 1.5) 10 [UTA]
> 0.002 y
£ enhanced or fe=(189+ 27)MeV  [LQCD] prp=rv) (0.84%030) 10~
F: reduced by V. = (35.0 + 4.0) 10 [Exclusive]
& oot | factor ry: ] fe=(189+27)MeV [LQCD]  ppps V) (139%0.44) 107

N e (1 _ "B tan? ﬁ) V.= (44.9 + 3.3) 10*[Inclusive]

- ) mH
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CKM fits

L ]
fit with NP-independent constraints

_ =
using Tree-level processes

assumed to be NP free

* the effect of the D°-D° mixing

Isnegligible wrt the actual error

and it will be possible to take it 0.5
into account [hep-ph/9807364,
hep-ph/9807320, hep-ph/9912242].

very important to improve;

%V . /V from semileptoic decays ™'}

<y from treelevel processes

-1 -0.5 0 0.5 1

. . )
reference starting point T
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model independent analysis

New Physicsin A F=2 amplitudes can be parameterized in a simple general form:

SM == SM+NP
treeleve
(Vio/V o)™ Vol Vo)™
T - T
Bd Mixing
B> B +05q
o™ o™ ¢Bd
| model indepentent assumptionsl Am, . CasAM,
J.M. S0 d L. Wolfenstein, Phys. R BS Mixing
. . ares an . oltenstein, YS. Réev. SM SM
D 47 (1993) 1021 Amg CpAM,
N. G. Deshpande, B. Dutta and S. Oh, Phys. BSSM ﬂSSM +pg,

Rev. Lett. 77 (1996) 4499
[ar Xiv:hep-ph/9608231]
J. P. Silvaand L. Wolfenstein, Phys. Rev. D g Cex £
55 (1997) 5331 [ar Xiv:hep-ph/9610208]

A. G. Cohen et al., Phys. Rev. Lett. 78 (1997)

2300 [ar Xiv: hep-ph/9610252] M. Bona et al. (UTfIt Collabor ation)
m Y.Grossman, Y. Nir and M. P. Worah, e JHEP 0603:080,2006 hep-ph/0509219
Phys. Rev. Lett. B 407 (1997) 307 07 13

[ar Xiv:hep-ph/9704287]
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model independent approach in thefit

/

y Cq | cos2(B+¢) | sin2(a—¢) | sin(2p+$) As

U S| N g NP1 60° 1 -0.68 0.96 0.23 OK
l NF;S - 'IIEDG D_J; -0.68 | 0.96 023 oK
Am, SM-like %ﬁe
EK D: Rt B 0’ |
Ac(JPKO) | -
-BD -100] y ‘1
y(DK) Bnl--.:':h'..'li't{......l oI T ET T T T e R R L -150:_ § f
e 00 [
so we haveto add——» O C0S2B, Ag, Acy, -. ‘
i
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Ag In B, decays
Thisisthe only observable that is sensitiveto
NP effect on both size and phase of B mixing

SM prediction
(-1.0610.09)10"°

e

2

=3

@
I

Probability density
T

0.001

A . i :
-0.002 -0.001 0 0.001

[(B° = (*X) —-T(B" = (- X)
[(BY = (+X) 4+ (B = (- X)

ASL =
Direct measurement

_ R 2\ "M sin 265, I ['2 \"M cos 2¢p, new average = (0.8+5.6)107
T E(MH) Cg, t m(Mw) CB, (large values in case
of new physics)

| f JoXeo | 5L) — 0.0023 £ 0.0011 + 0.0008 { from DO
with: ’ faXao
2 |
a/p AT, 2 Am admixture of B; and B,
q 4 q — —_
(—) I, + Iy dependent on p and 1M

AT, 2 ( ) Am (—) and on NP effects
T (29 —1) +4(2 zq " (1Jr 29).

q (Caar Psar Cosr @s5)
_M. Bonaet al. (UTfit Collaboration)

Coseners Heavy Flavour Forum, June 21 phys Rev.L ett.97:151803,2006 hep-ph/0605213
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results of the modd independent approach

= F
1—
- second solution:
B § ~2.5%
0.5 E
0 -
-0.5
L UT
-1 IIIIIIIIIIIIIIIIIIIIIIIIIllfifl
1 2 3 4 5 6

4 05 0 0.5 1 Ce,
p =0.169 = 0.051 P
1= 0-391£0.035 |
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resultsin the B, and K sectors:

—_ —_— 0]
Coy=104+034 @ =-(44+2.1) C,. = 0.87+0.14

2 |2 r 3 0.003
. UTit [z UTi] | @
S o001l B 0.0015]- 3
E E E 0.002
F z =
3 8 o001 E:
2 0.0005|- o <
- - - [ Q- 0.001

I 0.0005~

00 4 L B o- L _5|o L J(ﬁ\ " ASIO PR

Cs, 0, [

NP inancould be up to 50% with respect
tothe SM only if it has the| same phase of the SM |
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exploring new physicsin the Bg sector .

<4 Ams. same as usual

< Acy: already illustrated
<= AI'JT's: only from CDF
<= flavour-specific Bg lifetime: only from CDF
< TD(Bs— J/v ¢): time dependent 3-dimensional Cow and O

angular analysis from DO toincdude AF = 1
NP contributions

n HEEE +ny COs I::.':':'QS-II'I + 2':':'3.‘ \I + J?','.Eg + 112 n ':C'Sfjl::':':'qs-nl + ':'-"Elq:l.]
T2 - a 5
' El RE - B]_ RE'

El 1 El

—~Fan
ngB2 +ni3 ¢ Pan , A R, - E, - =h 4 n g E- e
+cc.s|:mq + 2eg, | s gy -l—ngE — oS I:_':I:lq . mf + 2¢g,_| R ng +npg— | 47)

frOf:ﬂ él_ngl;'ar In presence of new physics, the experimental measur ement
analysiso :
Be -y IS actually a measurement of Al'; cos2(¢s,-3)

we usethe CDF-only result |

Coseners Heavy Flavour Forum, June 21°%, 2007 18
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flavour specific Bg lifetime we use the CDF-only result

we now use Tz, only from the study of Bs decaysto CP eigenstates

which Is connected to
thevaluesof I's and Al
by thisredation

time-dipendent angular analysisin Bs — Jwy ¢

DO provided simultaneous boundson Bs, AI" and I

we use the experimental likelihood
Including the 3x3 correlation matrix S DO result
and we don't use DO valuesin the other constraints |CHEPO6
(in order not to double count the measurements)

TIIT '

Coseners Heavy Flavour Forum, June 21°%, 2007 19
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resultsin the Bg sector:

UTfit

0.001
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Z ]
or if you prefer: o ASME2B | ANP R
Cpe” e = ASM 2if,
q
3.5r 3.5¢
Eq‘a - UTfit | E<r.n - UTfi f
o~ 3F Bd o~ 3F BS
20 C Z o0 _
< B < B
2.5 2.5
2F 2F
150 15
1 1
0.5 ’ 05
:I\l'—k—l»' "Illlll IIIIII 1 L1 1
% 20 20 60 80 100 120 140 16Q 18 % 20 40 60 80 100 120 140 160 180
o NPro
o, ['] o, []
I
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» New sources of CPVins - dand/orb - d
transitions are
—- strongly constrained by the UT fit L. Silvestrini
— "unnecessary”, given the great success LPOS
and consistency of the fit

» New sources of CPV inb - s ftransitions are

— much less (un-) constrained by the UT fit

- natural in many flavour models, given the strong
breaking of family SU(3)

Pomarol, Tommasini; Barbieri, Dvali, Hall; Barbieri, Hall; Barbieri, Hall, Romanino; Berezhiani, Rossi; Masiero et al; ...

- hinted at by v's in SUSY-GUTs

Bacek et al.; Moroi; Akama et al.; Chang, Masiero, Murayama; Hisano, Shimizu; Goto et al.; ...

o — Z ]
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exploring MFV scenario: starting from UUT

MFV = no additional flavour mixing Universal Unitarity Triangle
only mixing processes are sensitiveto NP~ Buraset al. hep-ph/0007085

= T

| UTg¢
“| For UUT =

“| wedo not use I
& and Amy 0.5
In thefit

0.5

0.5 comparable
precision -
between UUT

-1 -0.5 0 0.5 1 and global fit r
p=0.163+0.028 ° -

N =0.344 £ 0.016
Determines p and n mdependently |
on the presence of MFV NP |

seners Heavy Flavour Forum, June 21%, 2007
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NS remaining constraints b £ a
MFEV analysis (&, Amq, and Am;) Poh

probe NP in mixing 3 .
X
So(xt) — So(xt) + 6So(xt)

|

Scale of NP can be
indirectly tested

2
In models with one Higgs doubl et 5So(zt) = 4a (%)
or low/moderate tanf3 . L 24Ty

NP enters as additional contribution _ _
to the top box diagram o isthe equivalent SM scale

2 Higgs + largetanf

QB — AQ K -
( =i UTg+ . B K
c =1 = alsp bottom Yukawa coupling 0S," # 9S,
T 0.001 > x10 - 5
_..i.'I 5 06 D 0001 K UTfit
- § 705
© I
Ee) > 2
o B = 04 =
A 0-0005 5 )
I e Q -
| 9 20.0005
i - 0.2 a
685 ol - , O-L;-l |£
A>55Tev - .

@ 95% Prob.

A>51TeV @ 95% Prob. [k
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Per Spect | Ves: Y WG2, preliminary

BF (Now) BF(End '08) LHCh LHCh SBF ITE
~1ab™ ! 2 ab~ ! 2 ! 10 b1 50 ab ™!
30° (46%) 15° (23%) 4.6° (7%) 2.67 (4%) 2° (3%) 0(0.1%)
LHCb (5 years) SuperB (5 years)
- LW, ADS, Dadlitz - 6LW, ADS, Dalitz
-B. > D, K
|F1 : |:'0.5 : iUTf” ,
: 0.4 i
05
i 0.2 v
or Vs of
05F 028 Stocchi's talk
i V. Vagnoni oal i at the CERN
40 CKMO6 - : Flavour
:' L TR T T T S - -0 -l ' B ] L le/?r:k?}?olpi ]
0 0.5 1 96 04 02 0 02 04 06
P P
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Per spectives: o, WE2, preliminary
BF (Now) BF(End '08) LHCb LHCb SBF ITE
~1ab™! 2 ab~! 2 fb~ ! 10 b~ ! 50 ab ™"
10° (11%) 7° (8%) 8.1° (9%) 46° (%) 15° (1.6%) O(few %)

- Theoretical error from* 1sospin breaking”
- ElectroWeak Penguins
dominant LxL EWP's calculable: Aot ~ few degrees
: T]-T]'-TIZO MIiXing Gronau, Zupan, hep-ph/0502139
model-dependent estimate: Aot ~ 1 degree
- (Mg-my)/Aocp and O effectsin matrix elements
or der -of-magnitude estimate; Aot smalll

- Sengitivity to New Physics
- potentially sensitiveto NP in penguins
Isospin analysis senditive to EWP-like contributions only
QCD-penguin-like NP just redefine hadronic amplitudes
i

Coseners Heavy Flavour Forum, June 21°%, 2007 26
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oz SIS Z '

| mprovements for o extraction:

& iImagine a SBF running at the Y(5S) resonance:

% it will produce 58% of B*B* and BB events. CP=-1
% and 26% of B*B events. CP=+1
with the B*B events:

+ different time dependencewrt the BB pairs.

+ look at theintegrated asymmetry:

i, = (52) =20 Nof) 40l ) e = 33
TN (L4 ) (L NpP) — dyRe(N ) Am/T, y = Ar'/20
& new perspective in channelswith difficult TD analyses:

= an exampleisthe By — n°n° case: a contraint on Im(A) can
be obtained and the ambiguities on o reduced

hep-ph/0703258
to appear in JHEP

0.004

0.003

with
| mA

Probability density

o
(=]
o
N

w:r:\jwu [N
100 150

of°]
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Per SpeC'“VQS . statistiad araranly WG2, preliminary
. BF (Now) BF(End '08) LHCh LHCH SBF ITE
SanB ~ 1 ab™? 2 ab~! 2 fh~ ! 10 b1 50 ab~ !

0.026 (4%) 0.023 (3.3%) 0.017 (2.4%) * 0.008 (1%) * 0.013 (2%) <1%

- the measurement Is systematic-dominated at SBF
- theoretical error islikely not a problem
scaling the B->J/y ©©° analysis.

2 abl: AS = 0.000 +0.007 30 ab™': AS = 0.000 +£0.003

2 0.008 >
i i
o . o
E, 0.006 -Gsy (S) > 0005'001 E 0.01_—
F- iIrreducible (and 3z
e largely correlated) 8 |
systematic error _
‘b:1' 0.08 005 01 %:1' —0.05 — 005 04
AS(JyKO) AS(JIyK")

'
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summary and conclusion

@ b = d transition: given the enor mous quantity of results
the B factories have already achieved, the generalization
of the UT analysis beyond the SM isalready strongly

effectivein limiting the NP parameter space.
% It gives serious constraints on mode building
% It pointsto MFV
b = strangtions are starting to have constraints,
thanksto new measurements from the Tevatron:
« from CDF: AI'JT’s, flavour specific Tg

+from DO: 3-dimensional s, A" and I" bound

@ intheMFV scenarioit ispossibleto turn UT analysis
Into a probefor NP scale

@ future scenarios.
% very promising for yand new ideasfor o

7 oz '
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back-up slides

'
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CKM fits

e +
a2 9 , S o §
B(B — ) = MBI : V| 275 E@ } W i
] L ."'IIE
I|I|II|IIII

Assuming fz :

Sonstraint on R, = p2+ 1

BR(B—1v) = (1.06 £ 0.38) 10*
@ o BR(B—1v) = (1.79 + 0.52 + 0.43) 10* H
-da; —| ‘ BELLE
: | BR(B—v) = (0.88 + 0.68 + 0.11) 10* ¢
g o BR < 1.80 10* @ 90% CL
(o
0.002 /- BRWA(B_)W) — (136 + 048) 10—4
I I : = E
BR(B—>w)[10] 001 Q
Assuming V: > ' :
fsa = 0.237 + 0.037 GeV §
fea=0.189 + 0.027 GeV §°°°°5

from lattice QCD ]
—

Coseners Heavy Flavou

-1

R, =055+ 0.11

Rp =038+ 002



Marcella Bona CKM fits
Z I

MFV bound from radiative decays

NP in MFV scenarios can be parameterized with few real parameters,
shifts of the master functionsin

Relevant contributionsin
rareleptonic and radiative decays

- box diagrams
< gluonic penguin
Once CKM isknown, we can bound NP with rare decays. At small/moder ate
tanp, all the effects on leptonic/radiative modes from two parameters:

% AC: NP in Z vertex (bound from b—sy)

% AC’w: NP in cromomagnetic penguin (bound from b—dll)

% 1gSM solution _ _
”g_ opposite AC.: Predlctlons.on rare dece.lys
oF can be obtained from this.
05— . ' This peculiar correlation
i3 can be tested with new
SE measurements
O ’ C. Bobeth et al.
- oppos:.te AC o Nucl.Phys. B726:252-274,2005)
02 0.4 0.6 08 1Aé;7§ﬁ )7 hep-ph/OSOS]_]_O 32
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Z I
MFV prediction for rare decays low/moder ate
- ot .. tanf3
E %: | Eﬂ' ; o 16f o 16f
é" %1' ET_ FF_’ 1.4; FF_’ 1.43— 2010
“ : “ ELZE— 4 Esz_ .
L L | k. scenario /
s *;!-’ o.ai— 4 ‘ +§' o.snf— /
o a o E 0.5;— Y 4 4 E o.si— -
Eﬂn ::E,” 0.4;— y i ' 0.4;— '
g, % 3 0_2:_ | v 0.2:—
’ Li: E:; -25 -2 -1.5 -1 05 0 0.5 1 % -2.57 2 -16 -1 -05 0 0.5 1
N AC AC
b T i B T e
Branching fractions MFV(95%) | SM (95%) exp
Br(K+*=>1vv) x104 <11.9 [6.1-10.9] 14.7+13.0-8.9 .
Br(K,>Tew) x10™ <4.59 [2.03-4.26] <5.9 x 10* K physics
Br(K, D up) x 10° <1.36 [0.63-1.15]
Br(B>Xwv) x 105 <5.17 [3.25-4.09] <64 )
<2.17 1.12-1.91 .
Br(B->X,wv) x 10° [ ] . By, physics
Br(B,~>up) x 10%° <2.20 [0.47-1.81] <1.5x 103 y,

I
Very interesting the Ass asymmetry of B — K*l| 33



B! —» nt* © ~n’ : Constrain on ¢, /a.

1

449 Million BB pairs, hep-ex/0701015 I

o8 F

08

1-CL.

04 f

375 Million BB pairs, hep-ex/0703008 I

il

2
o

02 b

a

o7 |

os |

025

1]

a 30

68 <@, <95

0.8

0.4

0.2

0.6

I EB-rpr (Wa)
FEs B — pr {BaBar Dralitz)

B - pr {Belle Dalitz))

KM fit

i

8 ) L 1

ng omeas. infitd ¢ ) :
s

L

L

i
2

e

20 40 G0 g0 100 120

¢, (degree)
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140 160 180

®, = [87jr?5:. I

o = (120 + 10)°
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