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M responsible of CP violation in SM

In the Standard Model, charged weak interactions among quarks
are codified in a 3 X 3 unitarity matrix :  the CKM Matrix.

The existence of this matrix conveys the fact that the quarks
which participate to weak processes are a linear combination
of mass eigenstates

The fermion sector is poorly constrained by SM + Higgs Mechanism

mass hierarchy and CKM parameters



The Unitarity Triangle gRutiesasuiEy

CKM matrix

and

V cd
I} d

‘r
V ws

th s

[
I’rcs Ercb
Vib

AN(1 — p —in)

Wolfenstein parameterization:

AN (p — in)
AN?
1

}\2
11— A

AQ

—A
—A}\%

|
oo

Al
A

1|
)\' Vl‘S
C=(0.0 B=(1.0)
b—u)/(b—c)| p2+n2 | f,F1),...
Am, (-p)>+n? | fz By
Amy/Am, | (-p)*+7’ S
p atan (n /(1 —E) =




An example on how to fit the UT parameters and fit new physics
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SM Fit

Global Fit
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How to look for NP ?
And 1n case of no observation to

establish how much room 1s left
for NP eftects...?

Long story...
Some example 1n next 4 transparencies..



some specific example of NP tests.. A
m
S

(ps”)

30

e}

Am

25

20

15

10

SM expectation

Am_ = (17.5+2.1) ps'!

:SM predicticé:ns
of Ams

WA ==mee

Q0¥
T EEEE

OOTTIH =emmremmsmmssmmmsmmmmmemmmmnmemmeenens

o + datat1lc A 95% CL limit 167 ps*
- LédSc o sensitivity 253 ps”

GBGG==rrmmm = rnmmm e n oo
9BV -eseemmmmmmnnnnnnns
R
0o'IPIeE T
JORLANAD --een

[ EH datat+ 16450 ) 7
' [0 data+ 1645 o {statonly) f E

00SddW1400-------

LOW ----

> 0.002F -
= "
g
2 r
3.0.00155
E
8 o001l
o
o
/v o.ooos}
T R
Am,[ps’T]
LR LI LS R I IR ]
- World average (prel.) CDF 2006

—£6S4dd ---
—  865dd------

P BV wrmmmerrmssesnnesssnssnoss e

9091929394 95969798990001 0203040506

CDF only : signal at 5o

2.5 5 75 10 125 15 17.5 20 225 25

Am = (17.77 £ 0.12) ps’!

Am, (ps™)

Tevatron results

Limited by Lattice calculations
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B factories results
0 LHCb expected to contribute
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Flavour Physics measure

NP physics could be always arround the corner

OOOOOOOOOOOOOOOOO
L] L]

coupling 5 WHAT IS REALLY STRANGE IS
: THAT WE DID NOT SEE ANYTHING....
With masses of New Particles at few hundred GeV
Mass scale Ae ﬁ effects on measurable quantities should be important

00000000000000000

Problem known as the FLAVOUR PROBLEM

Al

d

If there is NP at scale A, it will generate new operator only operator of D=6 contribute. So th‘? in
of dimension D with coefficients proportional to A*P Jact you have a dependence on 1/ A



Today we concentrate on a
Model Independent fit to AF=2 observable
which show a 2.50 evidence of NP
in the b—>s transitions




Fit in a NP model independent approach AF=2

Parametrizing NP physics in AF=2 processes

Soares, Wolfenstein PRD47,;

NP SM Deshpande,Dutta, Oh PRL77;
D4 AB=2 + AB=2 Silva, Wolfenstein PRDS55;
(e = Cohen et al. PRL7S;
q SM Grossman, Nir, Worah PLB407;
AB=2 Ciuchini et al. @ CKM Durham

AijP = C'BdAij f(panoch 9QCD)
AWK =sin2B420,)  f(p.0y)
a™ =a™ -¢, ACRIBS
ey [1=C, e [ f(p.n.C,,0CD..)
AmsEXP = CBYAme f(pan:'CBstCD“)

Aep(J I, ¢) = sin(2f5, - 2¢; ) VACR/NY



Using the example of

To help with a more specific example : the Supersymmetry

Example for B oscillations (FCNC-AB=2):

b X d b -~ 5 = d
S S
— — — d | b —
a b 3 | »
% &

NP ‘ S VY p,  upper limit of the relative contribution of NP
AB=2 bq / th”tq NP physics couplin
| =P, —> =P, phys pling
AB=2 Aeﬁ' M W A+ NP scale (masses of new particles)

If couplings ~ | Minimal Flavour Violation

all possible intermediate

6bq~ L Ay~ 10/‘/Pr TeV possibilities (Sq. q = th.th
< (couplings small as CKM elements)
Ops~1  Agp~2/ vp, TeV Opq~ 0.1 A~ 1Vp, TeV
8,,~0.1  Aer~02Wp, TeV A~ 0.08/Vp, TeV
Oversimplified picture : for a quantitative analysis UTfit collaboration

see for instance JHEP 0803:049,2008arXiv:0707.0636



Constraints

P>M Cd Pq Cs s CsK
v (DK) X
Tree V! Ver X
processes Am, X X
ACP (J/¥ K) X X
13 ACP (Dm(p),DKm)| X X
family
Ag X | X
o (pp, P, i) X X
Ay X | X | X X
X X
- X
X X
~X X
<=2
familiy X X
5 new free parameters Today :

C,.9, B, mixing
Cy4pqy Bymixing
C.x K mixing

fit possible with 10 contraints

and 7 free parameters
(p3 7], Cd9(pd 9Cs9(ps9 CsK)
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Actual sensitivity
for a generic NP phase
In the Bd sector
r=Anp/Agy~10-15%

This is not yet a prove that if NP should be MFYV violating

Just for showing the link between precision and mass scale

NP ‘ S 1% r  upper limit of the relative contribution of NP
AB=2 bg th” tq . .

| =7 — <./r NP physics coupling

AB=2 Aeﬁ" M w A NP scale (masses of new particles)

Take a case where 8, = Vt;th — A~ SONVTGEV mmpp A~ (200-250) GeV

MORE PRECISION IS NEEDED
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B, sector : very recent results S
P, Cq Pq C, P,
X X X X D0,CDF (2006-2007)
X X CDF, D0, LEP
X CDF (~2006),D0, LEP
X X DO (2007)
ACP (J/¥ ¢) ~X X DO,CDF (2007-2008)
42 DY The realm of Tevatron
V V* thVcd + Vtchs + thVcb =0 )\'2 )\'4 )\'4
B, = arg| =2 | =(1.03 = 0.06)
VeV o S T B
S

Recall that in B, sector _
d . ViaVub T VeaVer + ViaVp =0
Vd I/tb

= arg| <2 | —(21.8+0.7) pe 15
5 g(V 7 ) ( )

cd’ cb

A3 A3

C=(0.0) B=(1.0)



Nota bene

(I)S vs of AFS llSiIlg BSQJ/ YO | for the experimental result
¢, = -20

Angular (0,9 ,y) analysis as a function of the proper time.
Similar to measurement of  in B;2J/4p K*.
Respect to the B, case, there 1s additional sensitivity because of Al term

d*I’
dtd cos Bdpd cos )
5 o o -2 2 V|2
2cos” (1 —sin” OB cos” )| Ap(t)|

-sin?4p(1 — sin® #sin? ) Ay (t) 2

(i

+sin®ysin® 0] AL (1))
+(1/V/2) sin 2y sin” fsin 20Re( A5 (1) A (1))
+ (1/ \/5) sin 220 sin 26 cos pIm (A (£) AL (t))

— sin® ¢ sin 20 sin eIm(Aj(t)AL(T)).

Dunietz, Fleisher and Nierste
Phys.ReV D63:114015,2001

Experimentally 0 and ¢ are well determined from the u from J/p
P 1s the decay plane between the J/p and the ¢.



Winter 2007 Before ICHEP 2008
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After ICHEP 2008-CKM2008 ICHEP 2008. DO released the likelihood without

assumptions on the strong phases

C(Bs) = 0.97 + 0.20
o(Bs)=(-70 % 7)°U(-18 + 7)°
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New CDF data not included:
new CDF likelihood “not ready yet” SM compatibility decreased in the CDF analysis
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Here the results from HFAG. Without additional constraints
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See Diego Tonello (CDF), Lars Sonnenschein (D0) CKMO08 Rome



This result, if confirmed, will imply

" - of course > NP physics

- NP not Minimal Flavour Violation
(large couplings..new particles not necessary below the TeV scale

- NP model must explain why effects on B; (which can still be as
large as 20%) and K systems are smaller

1 <-> 2: strong suppression
1 <->3:<0(10%)
2<->3:0(1)

this pattern is not unexpected in flavour models and in SUSY-GUTs

-> Flavour physics central
- B, sector, for AF=2 but also AF=1 b->s transitions ' PRECISION

- K sector IS NEEDED
- of course B, sector



AF=1 b—> s transitions are very sensitive
to NP contributions (AF=1)

BO
in(2 eff = sin(2 eff E d
Sln( B ) = Sln( ¢1 ) CKM2008
PRELIMINARY
b—ccs  World Average , 0.67 +0.02
g BaBar : ) 0.26+0.26 +0.03
= Belle : : 0.67 032
%  BaBar : ' © 0.58+0.08 +0.02
= Belle ' 0.64+0.10 +0.04
¥’ BaBar | L. 0907002
X Belle © 0.30+0.32+0.08
% *  BaBar ; i 0.55+0.20 +0.03
% Belle \ 0.67+0.31+0.08
> BaBar : 0.61 %% +0.09 +0.08
°a Belle 9.64 *032+0.09+0.10
% BaBar L 055'9%+0.02
] Belle : 0.11+0.46 +0.07
o BaBar : 0.64 015
~° Belle : ' 0.60 *015
°¥w BeBar—————— £-0.72+0.71 £0.08 —~
o Belle | r—a—i ©.0.43 + 0.49 + 0.09 Y
¢‘1=t% K; BaBar 0.97 ‘0o g
< BaBar . 0.86+0.08 +0.03 N
z Belle : 0.68 +0.15 +0.03 *32!
b—qqs Naive a\‘}erage | ' 0.64 +0.04
-2 -1 0 1 2

The disagreement is much reduced
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New Physics contribution (2-3 families)

B factories results

CFMS

JEPT E B B i A
—-0.01 —0.008—-0.006-0.004-0.002 ©

SuperB expected to contribute LR
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0.002 0.004 0.006 0.008 0.01
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- D0 and CDF will update their results. They have not used entire dataset.
If the NP phase stay so large they could observe it with the full/final dataset

- @, is a golden measurement for LHCb

Simulation done with 4fb-1.

> >
= o UTy; “: UTjii
— . 2 0.003 —J @ o J
q | Q (]
2150 S o
[+ UTji¢ - >
< : ' ég 0.002 =
100: o) 0 o002
. ® 3
: 8 3
50 a . a o
; 0.001 | I 0.001 ,
0 - |
E 0 <. % 1 2 3 s
-50! -20 10 0 10 20 c,
5 Og, '
100 Pg, = (0.0 £ 1.3)° Cg, = 0.99 +0.12

-1 50E
f But also with much less data, LHCb can

observe the effect if will stay so large

New studies show that (end 2009 ?)
LHCb with 0.5fb-1 2> o(¢Bs) =0.06

ATLAS with 2.5fb-1 > 0(¢BS) =0.16 See Gaia Lanfranchi CKM08/Rome



In b—>d transitions NP effect are “confined” to be at order less ~10-15% !
New data from Tevatron show ~2.50 discrepancy from SM in b—>s transitions
If confirmed would implies NP and not Minimal Flavour Violation

Tevatron (with full statistics) and LHCb will clarify the discrepancy

Flavour Physics is alive more than ever to look for NP beyond SM

y 2015 SuperB

7 . 1= 0.6]

“the nighymare”
amg /" 4 S
0.5 am, '/, -

0.4

|
o ArEETIR '  IA en .0 1L . L
01 02 03 04 05 06 0. 01 02 03 04 05 0.6 0. 01 02 03 04 05 08

p p Y




BACKUP
MATERIAL



— Radiative decays ( future )

Br(k— V) (future)

B - 0-p)

Oscillations

Theory Error
small !




il Q+
. ( o\ 2 b
G%mpm? m? S
B(B—tlv)=—"—"(1——| [iVis|*78 N W
8 mi B
u VQ
~~ 0.7F e 6 O
T b UT;
o - it
— 0.6 -
p—~ -
= E T T T = T T T -
2 % 0.5 -
s foE 2 :
£ NE e 0.4 BR(B2>tv)=(1.73+0.34)10
E 250% -3 ' ;
o BABAR - & |
150 Tt o 5 = ANPgtry ] ~~ a2l
100E- preliminary 3 B’ 0.3
502— —é -
O '0!2"'0.'4'"0.'6"'0!8"'{}3"(&'\2/; 06 025 05 075 1. 0.2 T
- EccL Gev) :

B factories results
SuperB expected to contribute

0.10%

2 3 4 5 0

BR(B—tv)[107]



The problem of particle physics today 1s :
where is the NP scale A ~0.5,1...1016 TeV

The quantum stabilization of the Electroweak Scale
suggest that A~1TeV
LHC will search on this range

What happens i1f the NP scale 1s at 2-3..10 TeV
..naturalness is not at loss yet...

Flavour Physics explore also this range

\d

- if NP particles are dlscovered at LHC we able
study the flavour structuys & 0T the 1P
- we can explore NP scal b yond the LHC reach

If there 1s NP at scale A, it will generate new operator of
dimension D with coefficients proportional to A*P

Y ou could demonstrate that only operator of D=6 contribute
So that in fact vou have a dependence on 1/ A2

+*

.
.s®
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Kaon sector

3 Camk = 0.93 = 0.32
o I ok cge, 1L0.51, 2.08] @ 95% Prob.

oF X SM expectation

Cek=0.88 + 0.13
[0.63, 1.24] @ 95% Prob.

A

mKk



oo = (B = 14 X) —T(B” — (~X)
LET(BY = R X) + D(BY — (- X)

o ( Iy, )sM sin2dp, Im ( Iy, )SM cos 265,
1"1[ 12 i"'l'f] 2 E?E d

(_/TH d

Flavour specific final states

2 2
_ g g
— R -
AT, 2,(=) =) Am, 2 (—)
—E’-Fq (zg —1)+4(2 z, —I——‘qu (1- z,))
With z = |q/p|? and z = |p/q|?
Al K oy ngBa + nqy cos (qﬁgm + 203, ) nrBs + nys cos (E[_f;;g‘m +¢5,))
—a —2 COE (2:3?5 [y + — g ng + ——— + -
ﬁmq CRH R B| Rﬁ B1 RE .
! B,-. B Fen B
(Mg + HE:B——:M) + cos (z_‘bgcn + 2:,-'}3:31 C§°11 (.H._-[__ ~+ 1ig B—?) —Cos (_:,-'}EM o [;,}Ecu —+ Qcﬁgq) ;%E ('n:»,g + n1p B—El) }

NLO calculation of the matrix

element of B meson mixing
Ciuchini et al. THEP 0308:031,2003.



I Tagging is important to separate

I the time evolution of mesons

I produced as Bs or anti-Bs. In

| this way we obtain direct sensitivity
to CP-violating phase. This phase

I enters with terms proportional to

|

|

|

|

|

[Ag | (D> = [Ag () [T, +f1_“s~‘.i54.111(&\.’\-{@]:

AL (D)2 = |AL(0) [T_;c—ﬂ511-@11-1(&.&{5.1%‘;']f

Re(Ag(t) A (1)) = [Ao(0)[|A)(0)] cos(d2 — 01)
X [‘T| + e T Hith'h(Aﬂ-{J)‘ ?

I (A5 (1) AL(L)) = |Ag(0)]|AL(0)]] o
r S N - I_Ol two-fold ambiguit
x[(g_r‘*( + sin do cos(AMt) = cosdo sin(AMt) cos o) — niy two-fold ambiguity

(1/2)(e tHt — e trt) h’ill{:l}:-s b2/, Ambiguity for
0 = T-0; Al's — -Al,
Im(Ay () AL(t) = [A4)(0)[[AL(0)] c0s(3:-8,) — -cos(8;-8,)

x| e “( + sin §; cos(AM,t) F cosdy sin(AM,t) m

—(1/2)(e Tt —e~tLty si(:(}s o1,
" TeVatron results

LHCb expected to contribute

cos(2B,) and sin(2f,). Analyses
which do not use flavour tagging
are sensitive to |cos(23,)| and [sin(2p,)),
leading to a four-fold
ambiguities in the determination of ¢,.
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measurement
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directly from the

T (I I I A
150 -100 -50 0 50 100 150

n 5]
o]

Likelihood given by CDF

H_J

Before ICHEP2008

2.8 bl
DO tagged Other
measurement measurements
03 ' R : — 0.3 Ar r A A
N Uy n L fit
L — E L )
0.2 = 02-
0.1 0.1
0:— 0=
-0.15— 0.1
-azé 0.2
035755 00" 5005000 150, 03415677100 B0 0 50 400 150
¢ [°] 0,[°]

No likelihood available from D0 All available measured used
Conservative approach used with and up-to-date
(for details see appendix) hadronic parameters

Notice that the two measurements
are in agreement

Other measurements are
also important




Modeling D0 data (I)

. 03 _—
E‘ 03_ g B IJT”J'
o 2 I
— C a2 0.2
o1k 0.1F
of I
0.2 -0.2f
- T B
_DE_I.III Lo v s byvw v Py oo bysnaboysalag 'D.E_U\IJE:ELU.TIE.D”'Ej'djlldl'Ilsbl'j.llcl]dj'.llédj_
= -150 -100 -50 0 50 100 150 B ) B

0[] o [°]

The problem is that the singlet

Strong phase taken also Component of the f is ignored.

From B2 J/p K* + SU(3)

WE REINTRODUCE THE

NO AMBIGUITY AMBIGUITY (mirroring the likelithood)



Probability density

- Stability of the result, who is contributing more ?
- Is an evidence....How many sigmas ?

0_08:_ 0152_ /\ /\ UTfi /\ UTrit| | 048l A UTyt
o "r:o 65]0 B 4'106\5[0/ ognj\nksln °: -5‘0
%] 0, [° 0,
Without tagged Including Including Including
analyses DO and CDF only CDF only DO Gaussian  only DO likelithood

profile

Depending of the approach used (for treating D0 data)

@, is away from zero from 30 up to 3.70.



Modeling D0 data (II)

TABLE I: Ssummarv of the likelihood fit results for three cases:
froe ¢, @, constrained to the SM value, and A, constrained

DEFAULT METHOD
We have the results with 7x7
correlation matrix. Fit at 7
parameters—> we extract 2

parameters (AL, and o,).

by the expected relation ._"-.[';'I':': - | ens{ag .

free g, &, = r_.J"a.’u ._"-.]-":'II
g LS | .5240.06 1. .53+0.06 1. 404005
AL, (ps=! 0. 194007 | 0.14+0.07 |0.083 + 0.018
_-!|J_|| lj

0.4140.04
0. 34+0.05
—0.5210.42
3.170.39

c -l 0,04
—L.30 g

0. 4440.04
0. 3540.04
—0.45840.45
3.104+0.43
= —0.04

= 17.77

Two others approach used to include non-Gaussian tails:

-Scale errors such they agree with the quoted “20” ranges
-Use the 1D profile likelithood given by DO (fig 2).

= 17.77

0.451+0.03
0, 330,04
—0.4710.42
3.21 1040
—0.46 + 0.28

— ——

= I.I.l'l'




2In(L/L,, )

ICHEP 2008. DO released the likelihood without
assumption on the strong phases

ﬁ":_ Al =0.20 ps” g 60 AL, =0.05 ps’
i E )
sof. Be—Jvo < sf B Jvo AT (SM)~0.07
- =4 cos(9s)~0.09
40- “ a0
- Likelihood ~ at minimum
% BUT correlation is 30 AT'~0.06 at minimum ¢s

once theoretical relation
is enforced

- important
20 P ¢s ~ -060 @ MIN 2
s ~ -0.40 @ MIN

10
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2 3
0 (radian) 12

Move from 1.35fb1 - 2.8fb’!



Evolution of this result
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The two most probable peaks of last summer are now enhanced




Looking at the result with a
different parametrization

3.51

% ) UTj¢
< I
o 3f
Zo0 N
< "
2.5~ @, ~-70°
: T Solution
2__ \ .
i corresponding
1.5;— / ”
1T e
: ~ -20°
0.5 Ps
_I 11 I L1 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1
80 160 -140 -120 -100 -80 -60 -40 -20 0
(I)NP

S

AN/ A SM= (0.73 + 0.35)

QNP =(-51 £11)°



By =0.75 +0.07 ,
fo,=2454+25 MeV , fg=200+20MeV , fg/fg=1.211+0.04,

fo, B, =2T0+30 MeV , fp\Bg, =225+25MeV |, £=12140.04,

Bp, = Bp, =1.224+0.12 , Bpg,/Bp, =1.00+0.03,
V| (excl) = {39.2 £1.1) - 107° |, |Vl (excl) =(35.0£4.0)- 107

These averages can be compared with the previous ones used by UTHit

=,

By = 0.794+0.04 +0.08 ,
fo, =230+30MeV , fp=180+27TMeV , fg/fp=122100,

fo,\Bp, =262+35 MeV , fg\/Bg, =214+38MeV , £=123+0.06,
Bp,=1.28+0.05+0.08 , Bp /By =1.02+0.02107],
V| fexcl) = (39106 £1.7)- 1077 | |V (excl) = (34.0£4.0) - 10~ .



