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Unitarity Triangle analysis in the SM

New Physics from UTit
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Unitarity Triangle analysis in the SM

1=

1

p = 0.155 £ 0.022
n = 0.342 * 0.014

@ Data in agreement

@ NP, if any, seems not
to introduce additional
CP or flavour violation
in b — d transitions at
current experimental
precision

/
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the LEP-style analysis vs the angle analysis
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compatibility plots

A way to “measure” the agreement of a single measurement
with the indirect determination from the fit using all the other
inputs: test for the SM description of the flavor physics

The cross has the coordinates (x,y)=(central value,
error) of the direct measurement
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the current status of the tension

Contours (68% and 95%) for the vertex —~ 05
position determined by Ams/Amd, |[V../V.| > 045
/ © a4l
= 0.35
]
0.3
0.25
0.3 0.2
0.15
op 0.1
- 0.05
'0-5:_ Bo25 0.003 0.0035 0.004 0.0.45 0.005 °
Relying on semileptonic form Vib
- factors determined from
A Lattice QCD and QCD sum rules
-1
Vube, = (35.0 £ 4.0) - 10*
Vubytsi = (34_8 + 1_6) -10% Relying on some HQET parameters

extracted from experimental fits
with some model dependence

T Vubing = (39.9 £ 1.5 + 4.0) - 10
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some a-posteriori determinations: lattice QCD

@ Through the Standard Model Unitarity Triangle analysis,
without using the lattice inputs, we also obtain the updated
values of the predictions for the lattice parameters

: Averages
Bk = 0.75 £ 0.07 Bk*=0.75+0.07 | Y. I
fsVBgs' = 265 £ 4 MeV fo.vVBg.= 270 + 30 MeV | C. Tarantino
£UT=1.26 + 0.05 g'%t=1.21 £ 0.04 |
« 180 ] S 0.32¢ ] S 0.32¢ —
m ef. 68% prob. = ® 031F = © 031F —=
L 95% prob. O, oaf O, oaf
1'45- mm 0_292— mm 0.292—
120 q_cn“u.za = q_cn“u.za =
1 0.27F y- 0.27F
sl 0.26F @ 0.26F C.D
i 0.25) 0.25F
D'BE‘ 0.24F 0.24F
04 0.23F 0.23F
¥ B R v 0.23 554" 6 08 T 42 14 16 1. Y B TR I R W
& M.Bona et al. Bk g

JHEP 0610:081, 2006
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some standard model determinations: B—ow

SM prediction enhanced or
reduced by factor r:

2
- m 2
TH—( —m—gtan /8

o(BR(B—1tv)[10°Y])

w

BR(B—tv)[10™]

-0.5

current HFAG world average indirect determination from UT

BR(B—»w ) =(1.511£0.33) 10* without using lattice QCD and V.,
_ o5 0 05 i BR(B—>w ) =(0.73 £0.12) 10*
p
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the tree level fit:

B factories are constraining the
UT with tree-level processes

=

UTf; v

Assuming no NP at tree level

(the effect of the D-D° mixing

to y are small wrt the present 5

error and can be accounted
for in the future)

0
We can determine pand n [
regardless of NP 05

D = 0.06  0.08 :

n =#0.39 +0.03 £

n 1 A vy

Values in agreement with SM -1 0.5 L
within the errors P
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UT analysis including new physics (NP)

Consider for example B; mixing process.
Given the SM amplitude, we can define

21, _ (BJH3; +HLIB,) i A e o

eff

— =1+ .
(B,[Hey IBy) Agee "

Cg.€

All NP effects can be parameterized in terms of one complex
parameter for each meson mixing, to be determined in a
simultaneous fit with the CKM parameters (now there are
enough experimental constraints to do so).

For kaons we use Re and Im,

since the two exp. constraints Im(K"|H " Eﬂ)

ex and Amgare directly related ~ “ = s )

to them (with distinct ”
theoretical issues)
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New Physics from UTfit

UT analysis including new physics (NP)

M. Bonaet al. (UTfit)
Phys.Rev.L ett.97:151803,2006
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model independent
assumptions

SM SM+NP

tree level
(vublvcb)SM

,YSM ,YSM
p°" B +05q

(X.SM aSM_ ¢Bd
Amy CesAMy

(Vub/Vcb)SM

Bd Mixing

Bs Mixing
AmS" Cg. AMS2M

BSSM BSSM+¢BS

Cﬁlg KSM
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" . '.r o _‘:"f '_‘q.
I(B‘& ? ( ‘X) I(BH —;-{ X; 11“( 19 )

A S

SLET(B, = (" X)+ (B, — - X At
® semileptonic asymmetry A : o opaced &l
sensitive to NP effect on both size and phase of B mixing 3/9;1040',2002'
ASp x 10° = -0.20 % 1.19 DO
ICHEP08

@ same-side dilepton charge asymmetry A.,;:
admixture of B, and B, dependent onp andn and

on NP effects ‘ ' _
L L 103 - _ e JdXdo A%) + foxso A
Asp, x 107 = -4.3 £3.0 faXdo + fsXso

@® lifetimetsin flavour-specific final states:
fit for asingle exponential for B,and B the average lifetimeisa

function of the width and width difference
Dunietz

et al.,
hep-ph
0012219

ES [ps] = 1.461 £ 0.032
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new-physics-specific constraints (ll)
@ AI' for Bqd and Bs

B meson mixing matrix element NL O calculation
Ciuchini et al. JHEP 0308:031,2003.

Coe and ¢, are
" parameterize possible

I, N { L neBa + m -.) el?a +25,) (_” L Byt '”12) NP contributions from
- n- ——— | — " 2 - .
Afull : B R} By b — spenguins

QL'J’S]\I‘FU"B ) ) B ' B
e Pg ] . "id 2 + _;!13 ¢ 1 Pen oy v 2
_ (-”3 + — ] + f'{ofr +‘JB'J)(PPH Ty —+ H(JB—

B| 1

°n 42 t nip 22
"Eq . ns + N1o——
RT \""T 1B

® (0s=2Ps vs Al' s from B;—J/Iyd ds and AT" s: 2D experimental
likelihood from CDF and DO

__ strong phases can separate |
Standard Model — 0.6¢ -+ SM prediction the two minima DG 285"
tations: @ —68%CL. o min + 08 '
expec . r
P £ 04 —9s%CL

0
‘&04-
W

—~ o2l
<

CDF Run Il Preliminary L=1.35f"

(arXiv:hep-ph/0612167) -
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28,=0.04+0.01rad 0.0/l =)

cos(s,)<0
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0.6 3a
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UT analysis including NP

=

1

E =0.177 £ 0.044
n = 0.360 £ 0.031

"\

Allowing for NP we go
back to the SM solution

E = (0.155 + 0.022
n = 0.342 £ 0.014

before the B factories:
the uncertainty on CKM parameters
with NP was the limiting factor.
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NP parameters in the K & B, sectors

IMA.=C.ImA."

ReA,=C,, Re A"

Am=C, (Am,

_~ _SM
g.=C.g¢

)SM

X SM expectation

Cexk=0.99%0.16

CAmy = 0.96 * 0.34
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NP parameters in the B, sector
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Testing the new-physics scale
At the high scale

New Physics from UTit

ﬂ new physics enters according to its specific features

At the low scale HAB=2
use OPE to write the most
general effective Hamiltonian.

the operators have different QT*“?-f
chiralities than the SM B
NP effects are in the Wilson )5

Coefficients C .
(J‘fhft'.;
3
NP effects are enhanced G
@ up to a factor 10 by the (s
values of the matrix elements Q%
especially for transitions Vo

among quarks of different chiralities

@ up to a factor 8 by RGE

SuperB Workshop — Warwick University, UK
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M. Bonaet al. (UTfit)

JHEP 0803:049,2008
ar Xiv:0707.0636

18



Marcella Bona New Physics from UTit

Effective BSM Hamiltonian for AF=2 transitions

Most general form of the effectlve Hamlltonlan for AF=2 processes

A K ZC Q5d+ ZC Qsd

B,— B, - be =~ A b
H.d 7 = Z C; Q"+ Z C; Q)1
i=1 i=1

The Wilson coefficients C. have Putting bounds on
in general the form the Wilson coefficients
. give insights into the
—@ NP scale in different
NP scenarios that
enter through F; and L,

'F.Jfunction of the NP flavour couplings
loop factor (in NP models with no tree-level FCNC)

: NP scale (typical mass of new particles mediating
AF=2 transitions)

SuperB Workshop — Warwick University, UK
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Contribution to the mixing amplitutes

analytic expression for the contribution to the mixing
amplltudes Lattice QCD

(BJIMa B, ‘ .ch )(Ba|Q2 B,
J= lr

arXiv:0707.0636: for "magic numbers” a,b and c, n = as(A)las(m,)

analogously for the K system

{Hlil'H.ﬂuS' 2|HD1_ZZ(L_‘|‘["'“}+HE{T“}) ﬂjg{ﬁ} {RD|Q€:£|HD}

i=1lr=

to obtain the p.d.f. for the Wilson coefficients Ci(A) at the
new-physics scale, we switch on one coefficient at a time
in each sector and calculate its value from the result of the
NP analysis.

SuperB Workshop — Warwick University, UK 20
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Testing the TeV scale @

The dependence of C on A changes on flavor structure.
we can consider different flavour scenarios:

® Generic: C(A) = a/A? Fi~1, arbitrary phase
® NMFV: C(A) =0 X |Fsul/A* Fi~|Fsu|, arbitrary phase
@ MFV: C(A) =da X |Fsul/A* Fi~|Fsu|, Fiu~0, SM phase

o (L)) is the coupling among NP and SM
© o, ~ 1 for strongly coupled NP

® oL ~ O (0ts) in case of loop If no NP effect is seen
coupling through weak lower bound on NP scale A
(strong) interactions if NP is seen

F., is the combination of CKM upper bound on NP scale A

factors for the considered process

SuperB Workshop — Warwick University, UK 21
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Results from the Wilson coefficients

the results obtained for the flavour scenarios:
In deriving the lower bounds on the NP scale, we assume Li =1,
corresponding to strongly-interacting and/or tree-level NP.

Parameter  95% allowed range Lower limit on A (TeV) Lower limit on A (TeV) %1078

(GeV—2) for arbitrary NP for NMFV

ReC}k [-9.6,9.6] - 10-13 1.0- 10 0.35
ReCZ [-1.8,1.9] - 10-1¢ 7.3 107 2.0

H.el."_?'i- [-6.0,5.6] - 10—14 4.1-10° 1.1

ReCL  [-3.6,3.6] 1071 4.0

ReCy [-1.0,1.0] - 1074 10-10° 2.4

I:mel( [—4.4,2.8] - 10718 1.5- 104 5.6
I:mGi- [-5.1,9.3] - 10-17 10- 104 28

I:mGi- [-3.1,1.7] - 1018 5.7- 104 19

ImCj [-1.8,0.9] - 1077 62

-IIIIIII 111 111 111 111 111 111 111 111
ImCs  [-5.2,2.8]- 10717 14 - 10* A 37 -0.04 0 5 -

/

To obtain the lower bound for loop-mediated contributions,
one simply multiplies the bounds by a; ~ 0.1 or by aw ~ 0.03.

SuperB Workshop — Warwick University, UK 22
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Upper and lower bound on the scale

Lower bounds on NP scale from K and S e
B. physics (in TeV at 95% prob.) 3 e
Scenario| strong/tree ag loop aw loop %104:(:53
MFV 5.5 0.5 0.2
NMFV 62 6.2 5
General 24000 2400 800 ok
Upper bounds on NP scale from Bs: ol
Scenario| strong/tree a, loop aw loop
NMFV 35 4 2
General 800 30 30

® the general case was already problematic
(well known flavour puzzie)

® NMFV has problems with the size of the B, effect vs the
(insufficient) suppression in B,; and (in particular) K mixing

® MFV is OK for the size of the effects, but the B phase
cannot be generated

Data suggest some hierarchy in NP mixing
SuperB Workshop — Warwick University, WhICh IS Stronger than the SM one
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some conclusions

@ test of the SM consistency and the CKM mechanism:

comparison between inputs and indirect determinations
© Tevatron data show a hint of discrepancy wrt SM:
we are looking forward to be able to use the updated
results (latest CDF likelihood still not available)

Today 2015
@ LHCb and superB will 1A ’ o thedrean] = T the
reach better precision and 1 T =
provide new measurements N~
© an interesting exercise ML q 1 ,
should be to repeat the oAy AT W Moo W)

scale study with the superB expected premsmns

@ NP scale bounds extracted from model-independent UT fit

© some models have problems to accommodate the current
effects: MFV for B, NMFV for B, vs B.
© the generic case is out of reach at LHC

@ the challenge is for theory
@ flavour hierarchy needs to be stronger than the CKM A expansion

SuperB Workshop — Warwick University, UK 24
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Back-up slides

SuperB Workshop — Warwick University, UK 25
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The UTﬁt beyond the SM UTfit Collaboration

arXiv:0803.0659 [hep-ph]

. sof

60} Cgd VS ¢Bqg

40
X ol Cia = 1.00 % 0.32
o [0.51, 1.94] @ 95% Prob.

-20F .
Camk VS Cek a0f ¢Ba=(-3.0 £ 2.2)
6oL dark: 68% [-7.8°, 1.7°] @ 95% Prob.

-80F

X SM expectation _
— 10 1 — 2: strong suppression
o 1-3:<0(10%)

A10F 2-3:~0(1)

-20F

-30f

-40F

s Ces = 1.07 % 0.29
o [0.62, 1.93] @ 95% Prob.
-70E

ool | 0Bs=(-19.9 * 5.6)°U(-68.2 + 4.9)°
: . [-30°, -9°] U [-78°, -58°]@ 95% Prob.
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The future of CKM fits

LHCb reach from:

r

SuperB reach from:

©2007 V. Lubicz

New Physics from UTit

?Alf;;:ﬁ:::'li:g'-:g: % snller g:g?;:,;::;‘?wa Hadronic | Current | 60 TFlop | 1-10 PFlop
Workshop 2015 \ ’ arXiv:0709.0451 matrix lattice Year Year
10/fb (5 years) 1/ab (1 month element er'r';)r' [2011 I;HCb] [2015 Suoper-B]
Amg 0.07%(+0.5%) no atY(5S)) £.7(0) (22'2,'3:1/(1)-&) (10*2,'11/(1)-&) (z:og ‘oln {om
As, ? 0.006 B 11% 3% 1%
os (J/y ) 0.01+syst 0.14 f 14% 25-40% | 1-1.5%
£, B 13% 3-4% | 1-1.5%
75/ab (5 years) : 5% 15-2% | 0.5-0.8%
sin2B (J/v Ks) 0.010 0.005 ’ e 42/“ &1) (9'”;’: ‘(’;’ &1) (3'4{']"’"’;‘:/‘ 1)
v (all methods) 2.4° 1-2° 7 5 —~DDA (40% i 1-7 | (3% on [1)-]1) (5% on 1?9-')
a (all methods) 45 1-2° i, " 11% 4-5% 2-3%
|V, | (all methods) no <1% T, 13% 3-4%
|V,| (all methods) no 1-2% and regor? of the U.5. Lattioe QD Executive Commiitee
Today
Fﬂ.uz amg //I/’:/ — ar'?/"
af 2
TN o "
) N m : ; }j i
03170 b:{“ﬁfé“hf:i“i::i"615'"%5 0317 "0 01 02 03 04 05 %s 033 e o e 04 ”6.15.'"%5
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More than two measurements (l)

CDF tagged D0 tagged Our analysis (using
measurement measurement Asi, Ach, Tes, AL IT")
E 0.3: 0.3E T E (1.3E
E 0.2;— 0_2:— E 0_2:_
0-1;— 0.13— n.1|f—
o of— o
-0.1;— -0.13— -0-1|f‘
-0.2;— _0_2; _0_25_
037455 00 m0 0 B0 00 150, 03"i5g oo gt s e ke, 03" 156100150 0" 50 100150,
0[] 0 [°] )

@ CDF and D0 measurements consider AI' and f3

as uncorrelated parameters
@ In our analysis, we enforce the dependence of A" from

SM and NP parameters
@® There is more physics information in our fit than in a simple
combination of the two experimental results

SuperB Workshop — Warwick University, UK 29
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Dependence on the D0 data model

results from all constraints: only the DO data treatment is changing

— 03[ — 03[ — 03[
Im : 'm - Im
g I s & I
9 0.2 o 0.2 0 0.2
—_ - L L
<] C % r E C
0.1 0.1 0.1F
oF oF oF
' Default x Inflating I Profile
01 0.1 0.1
: ol the errors T Lo
: ' I Likelihood
-0.2- -0.2- -0.21-
- U : uT; Z uT;
_03_||||||||||||||||||||||||||||||| _03_||||||||||||||||||||||||||||||| _03_|||||||||||||||||||||||||||||||
~ -150 -100 -50 0 50 100 1500 = -150 -100 -50 0 50 100 1500 ~ -150 -100 -50 0 50 100 1500
0.l 0.l 0.l

@ The details on how we model D0 are crucial
on the side opposite to the SM prediction
@ The distance from the SM value depends on the approach,

but not by O(1) effects

@® A reduction of the significance is expected when going
from the default to the conservative approaches

SuperB Workshop — Warwick University, UK 30
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D_id the result move by a lot?
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- 0T dark: 68 %
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A new 2D likelihood scan from DO

Appeared two weeks ago on the DO web-site
it hasn't the SU(3) assumption
but the fit looks preliminary:

AL, =0.05 ps”
B2 — J/y 0

¢, (radian)

SuperB Workshop — Warwick University, UK 32
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New Physics from UTit

the LEP-style analysis in the p-n plane:

= F | f=y i
1 1=
| Ven/ Vs | 5 .
0.5:- u_s:_
f :
of o-
u.sé IJ.SE— ﬁ[(l — p_) + P]
PP+ T
B B TS R Y B R 05
P
= F = F
1:— 1:_ |
- Amg - Am;/Amq
05 0.5-
I I
| (1—p)?+7*
0.5:_ 05
'1:Pu1...: “Thow
S SRR AT T . T T Ly Ll
1 05 0 0.5 1 . 05 0 0.5
p
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=0.177 1 0.0
= 0.358 £ 0.0
33



Marcella Bona New Physics from UTit

angle constraints in the p-n plane:

1 |~

levels @
95% Prob

0.5/~ 0.5

o 0
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Update of the LQCD parameters

Lubicz, Tarantino
for UTfit

By =0.75 +0.07],
fo,=2454+25 MeV |, fp=200+20MeV , fg/fsg=121+0.04,

fo, B, =2T04+30 MeV| , fayBg, =2254+25 MeV , |£=1.21+0.04|
Bg, = By, =1.22+0.12 Bg,/Bg, = 1.00£0.03 ,
V| (excl) = (39.2+1.1)-107% |, ||Vas| (excl) =(35.0£4.0)- 107*|

T

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

Bx =0.794+0.04 +0.08 ,
fo,=230+30MeV , fep=180+L27TMeV , fg/fe=122700,

fo,yBs, =262£35 MeV | , fayBa, =214+38MeV , |£=1.23+0.06
Bp,=128+005+0.00 , Bp/Bp, =1024+002700],
V| (excl) = (301 £ 0.6 £1.7)- 1072 |,  |Vig| (excl) = (34.0:4.0)- 107

- ]

SuperB Workshop — Warwick University, UK 35
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2 : : : M.Ciuchini
If this evidence is confirmed. .. CERN o8

* MFV models are ruled out, including the
simplest realizations of the MSSM
* the following pattern of flavour violation
in NP emerges:
1<->2: strong suppression

1<->3: <0O(10%)
2<>3: 0(1)
this pattern is not unexpected in flavour
models and SUSY-GUTs
* In progress: (i) update of the AF=2 operator
analysis, (ii) correlations with AF=1in MSSM

Marco Ciuchini IFAE - Bologna, 28 March 2008 Page 23
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AN JAM ~0.1 and A /AM ~0.7 correspond to

ANP /AN ~\Zie. to an additional A suppression.

L.Silvestrini
Capri 08

* Lower bounds on NP scale from K and B,
physics: (in TeV at 95% probability)

Scenario| strong/tree o loop aw loop
MFV 5.5 0.5 0.2
NMEV G2 6.2 2

General 24000 2400 800

« Upper bounds on NP scale from ¢.:

Scenario| strong/tree | «, loop | aw loop
NMFEV 35 4 2
General 800 80 30

* Need a flavour structure, but not NMFV!

Silvestrini

Capri, 16/6/2008

* Large NP contributions to b < s
transitions are natural in nonabelian flavour
models, given the large breaking of flavour
SU(3) due to the top quark mass

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

* GUTs can naturally connect the large
mixing in v oscillations with a large b <> s
MIXING Bkt al: Vorois Akama t sl Chang, Masiero, Marayama: Hisano, Shimizus Goto et . .

|
* In a given model expect correlation

between b <> s (B, mixing) andb — s
(penguin decays) transitions

* This correlation is welcome given the large
room for NP in b — s hadronic penguins
(S

A ) Beneke; Buchalla et al.; Buras et al.; London et al.; Hou et al.; Lunghi & Soni;
peng’ * Kmn’ **°

Feldmann et al.; ...

* The correlation is however affected by

| large hadronic uncertainties

SuperB Workshop — Warwick University, UK
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Sin2f in golden b —» ccs modes

g9 ™€
Iy, W(28), X u . t % EJ/";b y P(28), X1
—_ V*cbvcs b # T~ T
BU . E W K, K*
< K,K d - d

=N

@ branching fraction: O (10%)

the colour-suppressed tree dominates and the t penguin
has the same weak phase of the tree

(B — fer) —~T(B'() — for) S ~sin2B
L'(B°(t) — fcp) + T(B°(t) — fcp) C~0
= S'sin Amt — C cos Amt

M.Ciuchini, M.Pierini, L.Silvestrini

@ theoretical uncertainty: Phys. Rev. Lett. 95, 221804 (2005)
= model-independent data-driven estimation from J/yzn° data:
AS ko = Syyko — sin2f3 = 0.000 * 0.012
= model-dependent estimates of the u- and c- penguin biases
ASJ/\PKO - SJ/\l,Ko - SinZB ~ 0 (10-3)
. 4 H.Li, S.Mishima
ASJ/WKO = SJ/\|;K0 - SII‘IZB ~ 0 (107) JHEP 0703:009 (2007)

H.Boos et al.
Phys. Rev. D73, 036006 (2006)

%  Acp(t) =
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At last: o from Tt decays

1.2
1_
0.8}
0.6
0.4}

30 60 90 120 150 180

| IIOOI - I150 | 0, (degrees)
o (degrees)

UTfit Collaboration
Phys.Rev.D76:014015(2007)

BaBar: 25° < o0 < 66° excluded @ 90% CL
Belle: 11° <o <79° excluded @ 95% CL
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But there is more: a from pp decays

@ Vector-Vector modes: angular analysis reauired to determine the CP
content. L=0,1,2 partial waves: “helicity frame” ’ "
< longitudinal: CP-even state
< transverse: mixed CP states

@ +-: two 7° in the final state
@ wide p resonance

but
@ BR 5 times larger with respect to mt

@ penguin pollution might be smaller than in mt

@ p are almost 100% polarized:
= almost a pure CP-even state

world average longitudinal fraction:
“Fiong (p*p7) = 0.978 £ 0.025
“Fiong (p*p°) = 0.912 + 0.045
“Fiong (p°p°) Still to be measured
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World averages in p*p~ decays

p*p S, IS

PRELIMINARY

+ -
BaBar T PP SCP VS CCP | LP 2007

+0.05
b " “0.17£0.20 -g'0s PRELIMINARY

PRD 76 (2007) 052007 ' ! ' '
B BaBar

Belle ¥ 4 019£03020.07
— y
PRD 76 (2007) 011104

Average 10.05+0.17

HFAG correlated averag | ) ST

T I e T ¥ B TR ..

. \ oy
LP 2007 N
PRELIMINARY S s
' :r';‘ o

,0.01£0.15%0.06
ul

PRD 76 (2007) 052007

Belle -0.16 +0.21 + 0.07
] —
PRD 76 (2007) 011104

Average i- :0.06+0.13 -0.4 -0.2 0 0.2 0.4

HFAG correlated ave rgge : Contours give -2A[In L) = Ax® = 1, corresponding te 60.7% CL for 2 dof
-0.4 -0.2

SuperB Workshop — Warwick University, UK 41



Marcella Bona

Preliminary pp isospin analysis

without C° and S°
with C° and without S°

— with C° and S/°

LT ]
"'"""“Hﬂhnﬂ
prpnannnni 1y

0 10

using BaBar p°°:
ot — oter]< 16.5° @ 90% CL
in 7ot :
ot — o] < 39° @ 90% CL

SuperB Workshop — Warwick University, UK
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o] ]E] hﬂl 140 160
A (degyee
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Results from (px)°

+-_-+
p T .DCPVA_ vsA

EPS 07

__ " =ww @ this analysis allows for a direct determination of
Babax o without ambiguities

- direct asymmetries
~ in the quasi two-
body approach

TM & @ Melvana

-0.4 -0.2 D 02 04

A

4

o o no values
pm CvsS [ : excluded,

PRELIMINARY
T

BaBar no values
| selected
yet

B3 Average

~' C.L.=68.3% |

120 150 180
¢ (degrees)
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Marcella Bona

o. extraction from the three analyses

2 0.001 - > 0.008
©
E o ;; 0.006 p p
5 - § no CP
S 0.0005 evidence of g ooo4p  violation
o CP violation & || observed
B 0.002
% " 150 'o n e T— '1603‘ — ‘15'0‘33 O & —
A = A(P+7t ) el O] Oopl’]
-+ 2 f = T
+A(p ) @ - Uit 1_‘ only the SM
+2A(p°n?%) 8 ooa  total ; tSﬁqutiﬂnfervivesin
- (T+- +T-+ :2' 0.5 etull Hit
+ 2T%) e?@ g
— R= A/A & 0.002F
— e2i(l
no paramete- |
rization e T 50 Csw = (90 + 8)°

Oluytsit = (92 + 4)°

involved

{ willvel Ol", A=A BN
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Y measurement: Dalitz method

<% neutral D mesons reconstructed in three-
body CP-eigenstate final states
(typically D° — Kstnt*)

= the complete structure (amplitude and strong

phases) of the D° decay in the phase space is
obtained on independent data sets and used

as input to the analysis
+ use of the cartesian coordinate:

X: =g cos (0 1)
y: = Ig Sin (0 1)
4 v , rg and Jg are obtained from a
simultaneous fit of the Ksnt *rnt - Dalitz plot

density for B" and B
=# need a model for the Dalitz amplitudes

~ 2-fold ambiguity on vy

SuperB Workshop — Warwick University, UK

New Physics from UTit

Interference of

B-— DK, D> K*xn~

(suppressed) with

B-— DK, D°— K*x~
~ ADS like

m?2 (GeV/c*

0.5

Interference of

B- —» D°K-, D° - K%p®

with

B - D°K, D°— K°%p°
~ GLW like
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More ways to vy

@ with neutral B's in the final states D°K*° with
D’ » Kt nt and K* - K&t™,
< the charge of the K from the K* tags the flavour
of the B? so no time-dependent analysis
< first analysis to extract y from neutral B —» DK,
4 BaBar performed it with 371M BB T

Y= (162 * 56)° (mod.180°)

68%

r, (D°K*°) < 0.55 @ 95% Prob. 95%

[1] ] ] 1 1
1] 1 0.2 e 4 o5 e o.Fr DE LD r
=1

@ again with neutral B's, time-dependent Dalitz plot
analysis of the three-body final state B° - D-K’x*

= interference between b — u and b — c transitions
through the mixing: sensitivity to 28+y
= BaBar performed it with 347M BB
2B+y = (83 * 53 * 20)° (mod.180°)
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Dalitz method: carthesian coordinates

from previous studies, we know that (y , 6; and rg) are
not a good choice from the fit point of view
~ no sensitivity toy ifrg <0.10
(underestimation of the errors)
. fit bias on rg forr; ~ 0.10

(physical bound + low statistics)
fit for cartesian coordinates instead: x ,y.

X, = Rdr. e’(Siy)L V, = |m[rR ei(SiY)'l

(x+, y+), (x-, y-) uncorrelated
.~ unbiased results for all possible rg

a .
|.-' Xi — [ch+(1 + ACP+) - RCP—(l + ACP—)]/4
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Combining the methods for y

B al UTriz =
B Dalitz :

] ADS+GLW

1

Probability density

-1 NnR 0.5 1

= (80 * 13)° (mod.180°) P

0.01—

o
o
R

r-(DK") =
0.10 + 0.02

rs(D*K*) =
0.09 + 0.04

r.(DK*) =
0.13 +0.09

Probability density =<

Probability density
Probability density

1 1
02 04 06 08 1

r(D K)
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the method and the inputs:
F(p, 7, X|e1, ..chem) ~ H fj(clﬁa 7, X )*

Bayes Theorem j=1l,m

[ fi(es) folos )

i=1,N

(b= u)/(b—c) -..| Standard Model +

OPE/HQET/

EK Lattice QCD
e to go

Amg , from quarks
= tO0 hadrons

Amd/Amg

M. Bona et al. (UTfit Collaboration)
Acp(J/YKg) | JHEP 0507:028,2005 hep-ph/0501199

— M. Bona et al. (UTfit Collaboration)
JHEP 0603:080,2006 hep-ph/0509219
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o extraction with hadronic amplitudes
]

Gronau-London method:

CP: o« -«
Ar=et T i P 00 6 parameters:
"= 1N2 (e T" - P)
+0 _ llvz i T+- TOO |T_|: |T00|r |P|I
= e (T +T) N
6 observables: B+, B®, B+, C*-, S*-, C®

B:;’"" =%(‘A+ﬁoo|z +|;1+k,00|2)

e IRzl 8 or O
7302
| 47T solutions
[/ i B e _

TR AT

Charmless Parallel Session, March 2™, 2007 3

Marcella Bona

o extraction with hadronic amplitudes
]

what kind of “other information”?

The GL method already requires some a priori “minimal
assumptions” on strong interactions, namely:
- Flavour blind and CP conserving strong interactions
- Negligible isospin symmetry breaking effects,
including e.m. corrections

This is because we believe that:

- QCD is the theory of strong interactions

- QCD is a renormalizable theory with a dimensionless
coupling constant and a natural scale A\ ,,~ 1 GeV

(MM,|O|M) ~ (A.,)® case of asingle scale

Therefore we do

not expect: <W|O|B) = (1 TeV)y or (Mp4al)?

Charmless Parallel Session, March 2"“ 2007

SuperB Workshop — Warwick University, UK
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o extraction with hadronic amplitudes
]

mTerprefahon of the results

o T ' B BABARI E frequentistic method (BaBar+Belle)
preliminary ] o M /n
-. i

ki :'\\ f"\\ |
|

\ / \ﬂf |

« / \/68% ay
i .‘ |
.
| / 95% CL
N | FRETSETIN (YU (PR PR (SPETINS TN 0,
40 60 80 100 120 140 160 180 50 100 150
o (degrees) (X[O]

frequentistic method (BaBar paper) The region around ¢ =0 is

“some of the solutions, and
the region around a=0 can be
disfavoured by other physics
information”

not excluded, despite the
experimental observation

of CP violation.

Charmless Parallel Session, March 2", 2007 4
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]

scales and dimensions

In our case: two scales enter in the process, My and A,

~ gz (Maen)”
B\ g ) \aco
Note: the scaling law has a more general validity than factorization

4 This gives: [We use “natural units”: the BR x 10° are

simply given by the squared amplitude]
But we can think of other considerations:
@ using strict factorization

‘T+—|': _ Gi78[VieVial®
32«Mp

(n7|O|B) |~ f=Mpf*(0)

so we expect:

several theoretical
predictions exist(ed)
[17] Ciuchini et al.'98
[18] BBNS'99
[19] Keum et al.’02

|Ca{Mg) (nFa~|O1| BYY + G2 (Mp)(atn |O:| B[P x 10°
GE78|VisVaal® | Ca(Mz) MBJ
327Mp

+C[U5l

|M3 f=fH(0))F x 10°

BR(w’)

+ This gives: w :Zf [15"]“ ref, (18]
2.0— 2.2

43(140.3)

ref. [19]

1
3‘1-1;

Hxp.
55406
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— : . ]
|

further considerations some consequences ML T R

? scaling between B and D decays
In the heavy quark limit, the dependence on M,

@ solution for o — O
in order to reproduce the experimental

cancels in the decay rate. fise wvos i
T+ (BY 7 )|? Y VeVl m— values of BR(n'n") and BR(n’z°) we may AL A

_ i — T il Y 2ch Vo -T-I-— 2 = BR DO . ?T+7L'_ v 105 _a‘H ~ . - : —
T o~ avef [T ( ) % 10° —2 have |T|>>1 and |P[>>1, but |T| ~ P| ¢y

. . . 1()"; . oA
# This gives: REsgl LR o <20 — |T+-]>30 : discontinuity

— |P|~30 — SU(3) breaking~3000% ! |

9 extract P from the B, — KK decay — m/m, ~10 — SU(2) breaking~300% |
S SU(3) Gronau-London?? i
o= |P|* = BR(B, — K*K~) x 10° 2 —l‘fa‘ft L [P, i Pl ( Y i CLia=0) =44 10
Ter‘ms TB? |‘79‘*b| “—4‘”—‘3”‘—2”‘*‘1‘ (‘)‘”i”ll‘m}‘”&ll‘
o (deg)
P=1.1 |mmmd | |p| <25 | mm—) | |T-|=1
5U(3) TR ]
assuming that SU(3) breaking effects are not larger than 100% Charmless Parallel Session, March 2™, 2007 8
Marcella Bona - ugggj;ggcﬁon with hadronic ampIiTudes Marcella Bona o extraction with hadronic arnpli‘tudesl

using the available information (priors) Bayesian vs Frequentistic analysis

In previous UTfit andlyses: |Ti| <10, |P| <10

Compare the 2 methods using the same assumptions
<+— SU(3) breaking < 100% - In the Bayesian approach: extract BR's and CP parameters with
IP| <2.5, 9 : R :
|Ti| will be gaussian p.d.f. according with their experimental values and errors
- In the frequentistic analysis: no additional information on the
hadronic amplitudes is introduced (besides the 6L method)

Now: |Ti| < 10,

arbitrary phases automatically limited

1) The information on the matrix elements has the 2 g 3 T
effect of eliminating some of the eight solutions, g | f\ - / \ / \ T
including the pathological solution at o ~0 e | l% ‘ | o B |
_ these are two % /\/ \ I \ , \/ | /
-g T “ ‘% | A ﬁ‘ % o Ul I dif ferent 37/\ /\ \/ : | \68% CL
$ o MA | § VI quantities: L]
£  modulus& | oot real& ] 3 SOEItiOIl I p.d.f. or CL | / 95% CL
‘g “erargument ﬂ | ‘_'; aoif lmaginary}f B oo / \/\ — =u o ‘5u B TR e 150
" ARl © s - | ?' [y o]
| " | The two approaches give equivalent results ,
at a meaningful CL/Prob. 11
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Marcella Bona

further comparison:

Reducing the experimental errors by
a factor of 10 at fixed central values

e
o
=
@

_\ f | ' Not yet
| I really

| 1 separated
: |

|

i

at a

meaningful
CL

Probability density

-! 68% CL

1 na Josna Ll 1]
% s 10 150 % 50 o0 150
Uy [°] ]

of
The eight solutions "start” to be separated
both in the Bayesian and frequentistic case

Provided the same assumptions are done,
wmm= the two approaches lead to similar results —
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b — s penguins

@ Extra sources of FCNC:
investigation looking at
b <~ s penguin decays

® Some “hints” seen on
sin2f in penguin decays

@ Difficult interpretation
due to theoretical issues
(but SM hadron corrections

sm(ZB )— n(2¢

New Physics from UTit

| LP 2007

PRELIMINARY

o
x
g

13}
x
ke

g ..:................E.....:..._.;-.
' BaBar :
o :
&

4]
x
g

e, Bt

0

Ce

o

- x BaBar E- B e R --i----------.-- . - .--:----

~_ World Average

BaBar -
Belle
Average !

_._.E:a.B.é.r_...E_._._._._._._._._._..E._._._._;_.r _i_._._.:_._.

Belle .
Average ;

.BaBar é..-...-..............i........ R ....:....

Belle i
Average ;

Belle ;
Average ;

Average :

“'BaBar

Belle
Average

_._.E_a.B.é.r_...i_._._._._._._._._._..i._._._._._;_._g. 1_..:.:.._._._..._.

(=]
X  Belle
_D

=

#

0.68:0.03

T 0.21+0.26+0.11
! 0.50+0.21+0.08
0.39+ 017

0.64 £0.10£0.04
0.81 £0.07

L-n ==y

Belle

_ Average

v Belle

. L Average:

Average: i fiH

0.30 £0.32 £ 0.08
0.58 +0.20

0.33+035x0.08
0.38+0.19

ne1 0 0.09+0.08

0.61 105
Ay pelf

0.11+0.46 +0.07
0.48 +0.24

0.18£0.22£0.11
0.85 £ 0.07

' .0.43+0.49+0.09
-0.52 £ 0.41
0.76 +0.11 705
§.68 +0.15 +0.03 *]%]
0.73+0.10

058+0.10£003

0711024 004

0.40+023+0.03

T0e2 002

0.90 +0.07

. 0.72+0.71+008

+ODF

1

are expected to induce positive shifts)
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Semileptonic Asymmetry Ag,

1o = D(B° = 5X) — I(B° = (" X)
T BY S X))+ I(BY = - X)

L2\ M sin 265 .
) (’)d—l— Il(l

= —Re (Mu

{:'TB d

SM prediction (-1.06+0.09)10°
Direct measurement (-0.3+5.0)10°

UTﬁt

Similar constraint
available both
Bs decays

e
o
=]
@

Laplace, Ligeti,
Nir and Perez
Phys.Rev.D
65:094040,2002

>
=
n
c
Q
©
>
=
L2
o
L2
®
ped
a
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A" for B, and B,

B R?

AT . N (ASM | o ) | (9(SM o
i\rq _ 9 K {CDS (2{?&) (?11 n ngBa + ”11) B cos (qu —I-Qr,‘.:lgq) (?12 . ntBa + ?‘112) N CDb( [qu ,,+ @B‘,))

B] 1 7 RE

T BE + m- en an B o1 : CPCU B
(?13 + = 13) + cos (tﬁ? +2¢p,) CE (n.-L + ng B—Q) — COS (t’ﬁ'gm + @E +2¢p, ) — ns 4 nio—

@® The constraint on B, is not effective (experimental error~ 10 times
the precision from the rest of the fit)

SM SM+NP exp
10°AT, /Ty 28427 20+1.8 9+ 37
Al'e /T 0.10 4+ 0.06 0.00+£0.08 0.25+0.09

® The experimental measurement of AI" ; actually measures

A" .cos(B.+dg.) (Dunietz et al., hep-ph/0012219)

® NP can only decrease the experimental result wrt the SM value
@ Experimental WA > SM expectation (NP suppressed)

NLO calculation of the matrix

element of B meson mixing
Ciuchini et al. JHEP 0308:031,2003.
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Same Sign dilepton charge asymmetry

Ratio of B4 and Bs production at Tevatron Semileptonic

asymmetries
of Bd and
) Bs mesons

2
&FE 1 4&1719

I'g L'g

2 (=) (=) Am. 2
(zq —1) +4(2 <q "‘T;“ (

ATy

With z = |q/p|? and z = |p/q|?

From NLO calculation of the B meson mixing
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Tes IN Flavor Specific final states

@ B, and B_ lifetime difference induced by Al _

@ Experimental fit done with a single exponential
rather than two exponentials

@® The “average” lifetime is a function of the width
and width difference

Tes in Flavor Specific
final states
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dAT Dunietz, Fleischer, Nierste

Time- dependen'l' X hep-ph/0012219

dtd cos Odpd cos

angular analysis 2cos” (1 — sin®  cos? )| Ao (1)

+ sin? P(1 — sin? @ sin? 917)|A|| () |2
TAGGED UNTAGGED

- T +sin® ¢ sin® 0| A (1)
2-fold ambfg urty 4-fold GHbeg urty +(1/ V2 ) sin 22) sin”  sin 2¢pRe(Ap(t)A) (1))
(’E—¢s. 'Ars. 75'81,2) (’E‘Hps. 'Ars. 181,2)

+ (1/\/5) sin 2 sin 26 cos ;,:.31111(/1?1 (t)AL())
(-0s, AT, +(1-812)) — sin? 4 sin 26 sin gﬂllll(Aﬁ (t)AL(2))-
(n—0s, -ATs, +(1-8;2))

R ATt 1@ |
‘e~ | cosh —/{‘DS(D| sinh g + sin ¢ sin(Amt)

|A‘u(f)|-3 - |Au (U)

L]

—

_ R N AT i
| Ao (2)]” = |;—1”(U)|T_“ cosh 5 |E‘DSQ|Sil‘J]1| | — sin(Am t)

Im {AZ(f)Al(f)} — |A{|(U)| IA_J_(D)| f’_”

Al't
X |:Hi11 0, cos(Amt) — cosd, cos¢ sin(Amt) — conﬂ'} sinh — }
Im {A ()AL (t)} = |40(0)] |AL(0)] ™"
Al't
X [— ﬂios(Aﬂn‘.) + cos 0y cos @ sin(Amt) — cosé, sin ¢ sinh ]

2
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Theory error on sin2f3

A.Buras, L.
Nucl.Phys.B569:3-52(2000)

New Physics from UTit

Silvestrini

Channel Eda | Az | By
S AESEIFIF N
* — N
T VoVe O P
By—7mJ [ D] - || ¥ | -] -]
V*uVi

3'0.0015

Probability densi

0.0005

2) Obtain the upper

limit on the penguin
amplitude and add

100% error for SU(3)
breaking

o 1) Fit the amplitudes in the
- SU(3)-related decay J/yn®
and keep solution compatible
with JiyK
Ay Ty

3) Fit the amplitudes in
JhWK’imposing the
upper bound on the

CKM suppressed
amplitude and extract

the error on sin2f3

Probability density =
g
I

o
=]
=]
]
I

A

M.Ciu
Phys.

4 &
IP;"-P,|

iy’
|

S =0.000 £ 0.012

chini, M.Pierini, L.Silvestrini
Rev. Lett. 95, 221804 (2005)
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