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unitarity Triangle analysis in the SM

+ SM UT analysis:
2 provide the best determination of CKM parameters >

o test the consistency of the SM (“direct’ vs “indirect’ (

determinations) N

2 provide predictions for SM observables (ex. sin2f3,

r
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Am,, ...) /5l
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.. and beyond E
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+ NP UT analysis:

Ay

~ model-indipendent analysis

2 provides limit on the allowed deviations from the SM

o
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2 NP scale analysis update
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Flavour mixing and CP violation in the Standard Model

@ The CP symmetry is violated in any field theory having in the Lagrangian at
least one phase that cannot be re-absorbed

@ The mass eigenstates are not eigenstates of the weak interaction. This feature
of the Standard Model Hamiltonian produces the (unitary) mixing matrix Vckm.
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CKM matrix and Unitarity Triangle

VaudVap + VeaVep + ViaVip, = 0

c=r-5-]

normalized:
f:_) + 37—7 V\
¥
Vudvub
g
~ = atan |—
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Updates on CKM

many observables
functions of p and n:

overconstraining

normalized:

1—p—17
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‘\

www.utfit.org )'

/-

A. Bevan, M.B., M. Ciuchini, D. Derkach, =
E. Franco, V. Lubicz, G. Martinelli, F. Parodi, ,?
M. Pierini, C. Schiavi, L. Silvestrini, A. Stocchi, éj

V. Sordini, C. Tarantino and V. Vagnoni

Other UT analyses exist, by:

CKMfitter (http://ckmfitter.in2p3.fr/),

Laiho&Lunghi&Van de Water (http://krone.physik.unizh.ch/~lunghi/webpage/LatAves/page3/page3.htm)} =
Lunghi&Soni (1010.6069)
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Updates on CKM

the method and the inputs:
f(p, 7, X|c1y ooy em) ~ H fj(clﬁﬁ'ﬁﬁx)*

Bayes Theorem J1=1m

p% + 7> Standard Model + :
- - OPE/HQET/, '
€K (1 — p) + P] Lattice QCD IO
2 =2 to go o))

(1—p)"+1 ’ from quarks

(1— ﬁ)2 + ﬁ2 to hadrons

: \ M. Bona et al. (UTfit Collaborati
Acp(J/YKg) sin 20 SHEP 3580?:o§s,z$os?&£ﬂ7&§3ﬂgg
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CP-conserving inputs
! Vcb/vub I

VIV |~R, (tree-level)

o N

B,-B,and B_-B_ mixing

Amq Am,/Amg
1= F 1=
1 1 'l@
0.5 0.5 :.)
(1 - p)? + 7 (
o | S 3 N %
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Bsand B mixing Am, Am./Am,
(1-5)2+ 7’ W
ty | g |- “n%
Amd=(o.507 i 0.004) pS_-I -1 -0.5 ] 0.5 1 '6 -1 0.5 ] 0.5 1 5 \;i‘l
Am =(17.72 £ 0.04) ps New world average from CDF and LHCDb 2,:—
¢
flag10 \
Bk 0.73£0.03 | \ 7 e
fe. 1233+10 MeV | UTiit o)
Ni =2
fo./fB, | 1.200£0.02 | oo
. Bp. | 1.3340.06
_ bs = HPQCD09
Bg, and fs, from lattice QCD Bp./Bp,| 1.054+0.07 |Ni=2+1
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Voo and Vyp

>'l r [Se2e0e2s!
o IDDB-: peed Combined UT fft
g N @ Exclusive PoStEPS11
o] L @Inclusive
>
Laih / = I
2o 'S 0004~ y UTfit input value: Al
Ve (exc) = (39.5£1.0)10°| § averagealaPDG
a :
HFAG 0.0021 Vo = (41 01 O 10 |
. = + -3 |
e i/ BCTREHO) HO uncertainty ~ 2.4% },
1
~1.80 discrepancy 0038 004 0042 0044 J
v_| 2,—
:':" r %Combined UT C ¢
g 0'0015__ %] Exclusive postEf;in UTHit |nput value: "‘x,,__
3 - BJInclusive average a la PDG ‘e
Laiho et al 2 A
- = V. = (3.82 £ 0.56) 10°7)
V. (excl) = (3.28 + 0.30) 10°] § ™
£ uncertainty ~ 15%
UTfit from HFAG oesl
V., (incl) = (4.40 + 0.31) 102 :
~2 60 discrepancy 070002 0003 0004 0.005 0006

IV I
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Voo and Vyp

>'l r [Se2e0e2s!
= | &2 Combined UTs
g 0.0067 % IExc:Ius-iVe postlfFI’Stﬂ
O L ncliusive
B-factory 2 |
legacy book: % 0.004/~ y UTfit input value: N\
o I G average a la PDG =
— —+ o) G /
Vo =41.67 £ 0.63 e | . !
Ve = (41.0 £ 1.0) 10 |
CKMfitter [ : uncertainty ~ 2.4% },
41.15 £ 0.33 + 0.59 0 ¢
0.038 0.04 0.042 0.044 y
X )
QR — 7,
- — B Combined UTf't ‘
g 0'0015__ %% Exclusive postEI:SH UTit |nput value: "‘\,,__
B-factory 'gi - B&inclusive average a la PDG ‘e
legacy book: S o001 Vo = (3.82 £ 0.56) 10 3@'
Vi =3.95 + 0.54 s | _
s uncertainty ~ 15%
0.0005
CKMfitter [
3.75+0.14 £ 0.25 [
0

0.002 0.003 0.004 0.005 0.006

IV I
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CP-violating inputs

1= F

05

e

py+ Pl | \

g z TM

-1 -0.5 0 0

'°'_ﬁ[(1 —

.,

g, from K-K mixing p
- B,=0.730 £0.030 -
sin2f3 from B — J/WK° + theory
sin2B(J/PK°) = 0.665 + 0.024 HFAG

a from Tut, pp, TP decays: i
combined: (911 £ 6.7)° Uﬂﬁtl

yfrom B — DK decays (tree level)

= F
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Latest sin2 results:

LHCb not competitive
yet with a 0.07 error

Updates on CKM

2 F | i B o) 3
&b o pr BABuR" - sm(2B) = sm(2¢1) HEAG
STk tags ol preliminary PRELIMINARY
2200 5B tags '.:_?‘ = ﬁ\ﬁgge 7067940020
=] = e T el R B R e | e
o = g % - BaBar 0657+003610012
5 100 _pP = PRD 79 (2009) 072009
- L 4" "ratey - Belle 0570i0029¢0ﬂ13
= e e e O PRL 108 (2012) 171802 i
3 04 by Average 0.665 4 0.024
E 02 ] HFAG
e B - BaBar ] 0 '69'41’0’66’1'1'0'6'3'1"'
? o S . PRD 79 (2009) 072009
5 F e O Belle 0.642 £ 0047 4 0.021
9 02 ~ PRL 108 (2012) 171802
P E ] Average 0.663 % 0.041
0.4 — HFAG ’
s o 5
At (pS) 0.2 0.3 0.4 0.5 0.6 Q.7 0.8 0.9 1 e
raw asym metry BABAR Collaboration Belle Collaboration
PRD 79:072009, 2009 PRL 108:171802, 2012

as function of At

data-driven theoretical uncertainty

UTfit values

~ »|AS=0.000 0.012

sin2B(J/wK®) = 0.665 * 0.024

M.Ciuchini, M.Pierini, L.Silvestrini

Phys. Rev. Lett. 95, 221804 (2005)
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a: CP violation in B° - mtr/pp

vin 1+ |P/T|e?e

Arx = : "
1+ |P/T|ette—*

Soaw = \ll — C?::‘:.ﬂ Sin(Z(xeff) 08
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Updates on CKM

+ -
T T Sep VS Cp

CKM 2012
PRELIMINARY

BABAR Collaboration
arXiv:1206.3525 [hep-ex]

Belle Collaboration
CKM2012 preliminary

LHCb Collaboration
LHCb-CONF-2012-007

/ I |
A S 5}-BaBar -

Belle

11l LHCbD :

/ 2 Average

/ :

-0.4

-0.2

Contours give -2A(In L) = i\f =1, corresponding to 60.7% CL for 2 dof

13



a: CP violation in B° -» mtr/pp
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v and DK trees

decays can proceed

both through V., and
V. amplitudes

;Ka“ b
w- S _ -
SRC HI&H<

b

v

3 Vg (-A?)

50
B— D (D™M) k" /ﬁ_'
B+
w\
~rgze’” DO K+ A(D> f)

+ strong phases

(V)

o
Q|

/]
A

c

u

U
A(B~ - D°K~) =Ap A(B~ — D°K™) = Agrge'(®B—7)

K+\Q1f}

Og = strong
phase diff.

Updates on CKM

[f1K"

) Vi=[Vule X (~A°) }vg

A(BTY - D°Kk*) = Ap A(B* — D°K') = Aprpei(®5+)

sensitivity to y: the amplitude ratio r;

B

PCPV 2013

B~ — DOK—

= \/ﬁ2+ﬁ2 x Fos™

B— — DOK—

hadronic
contribution
channel-dependent
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v and DK trees

Probability density
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Unitarity Triangle analysis in the SM:
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Unitarity Triangle analysis in the SM:

Observables Accuracy

|Vun/ Ve ~ 15%

Ex ~ 0.5%
Amy ~ 1%
|Amy/Amg| ~ 1%
sin2f3 ~ 3%
cos2f3 ~ 15%
a ~ 7%

Y ~ 10%

BR(B - tv) ~25%

PCPV 2013 18
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Updates on CKM

Unitarity Triangle analysis in the SM:

1=
1

0.5

-0.5

PCPV 2013

U Tff T

winter13

-0.5

.....I../.I..

levels @
95% Prob

“p=0.132 + 0.021
N =0.349 + 0.015

home-made }j
BaBar+Belle average:
BR(B - 1v) = (0.99 + 0.25) 10

@ Data in agreement o)
® NP, if any, seems not

to introduce additional

CP or flavour violation

In b <> d transitions at

current experimental

precision

19



angles vs the others

|UIﬁt
winter13

SM fit

0.5

-0.5

levels @
95% Prob

0.5

|UTﬁt
winter13

SM fit

-0.5

“p=0.163 + 0.038
"1 = 0.394 + 0.035
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Unitarity Triangle analysis in the SM:

PCPV 2013

Observables
sin23
Y
a
Vo] - 10°
V| - 10° (incl)
[Vus| - 10° (excl)
Voo + 10°
Bk
BR(B - 1V)
BR(B - tV)(0ld)

Measurement
0.665 + 0.024
71.1+7.6
91.1 6.7
3.82 £ 0.56
4.40 + 0.31
3.28 £ 0.30
41.0+1.0
0.730 + 0.30
0.99 + 0.25
1.67 £ 0.30

Updates on CKM

obtained excluding the given
constraint from the fit

Prediction / Pull (#0)

0.757 £ 0.045 ~1.7 <w—
68.6 + 3.3 <1
87.4 3.6 <1
3.60 £ 0.14 <1
- ~ 2.2
- ~1.1
42.8 £0.79 SIS —_——
0.866 + 0.086 <1
0.826 = 0.077 <1
= ~ 2.6
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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

Color code: agreement between the
predicted values and the measurements at
better than 1, 2, ...no

20 g 6 0O

1o

o(v[°])

16 | - p—— L
14 L — .
12 S -

10 s"ﬁ. ---------

50 100 150

Yep = (71.1 £ 7.6) ° T
yUTfit = (68-6 + 3.3)0

PCPV 2013

Updates on CKM

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

6 O

o(a[’])

0

O = (91.1 £ 6.7)° oL’
(XUTﬁt = (87.4 + 3.6)0
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tensions (or used-to-be tensions)
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tensions (or used-to-be tensions)
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inclusives vs exclusives

= F

UTﬁt

1: winter13 winter13
Only _ 0_5: onIy QN
exclusive inclusive &
values o —values ¢

-0.5 - -0.5

s

r
.

O N

-1 -0.5 0 0.5 1

SiN2B i =
0.781 £ 0.034 I

~2.60

sin2Byri =
0.723 * 0.036

~1.30

o
T

0

8.4 05 06 07 08 09 1 8.4 05 06 07 08 09 1
sin2p sin2p
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inclusives vs exclusives

only
exclusive
values
Sin2BUTﬁt —_—
0.723 + 0.036

~1.30

PCPV 2013
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Updates on CKM

only
inclusive
values

SiN2Buyr =

D

0.781 + 0.034 |

~2.60
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more standard model predictions:

our home-made average: from LHCb evidence
BR(B - tv) = (0.99 + 0.25) 10* BR(B.- pp) = 3.2 + 1.5 10°
~ 0.5 60 —~ 10F 60
I - & F
o o 9: S S
= 04k 5 " a——
: JEENy
) o 6
O 500 e
g a 5; ...................................................................
© © a4
3; ...............................................
2
% 10 15 20
BR(B—1v)[10] BR(B_—II)[10°]

indirect determinations from UT
BR(B- tv) = (0.826 * 0.077) 10* BR(B;- Il) = (3.47 £ 0.26) 10~

M.Bona et al, 0908.3470 [hep-ph]
PCPV 2013
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UT analysis including new physics (NP)

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

e—2icl> <B |H§fl\f/[+Heff|B > —14+ ANP e_zi(bNP
(BJHYIB,) Ag e th

BS
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).

Updates on CKM

F.or kaons we use Re and .Im, lm< K°|H| K >
since the two exp. constraints lm< "\H“’\K")
ek and Amg are directly related
to them (with distinct _Re(K'|HJ'|K")
theoretical issues) Ctme = Re(K'|H)'|K")
PCPV 2013 28
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UT analysis including NP

fit simultaneously for the CKM and

Updates on CKM

the NP parameters (generalized UT fit)
-~ add most general loop NP to all sectors
~ use all available experimental info
~ find out NP contributions to AF=2 transitions

B, and B, mixing amplitudes
(2+2 real parameters):

B 2ib; ASM 2" _
A=Cg e TA;j e =

C

gIK — = B,/A my (

AL =Im[T%,/A,|

PCPV 2013

1+

NP

q 2i
SM S

(g —dbg ) ASM o2 by
q

EK:CEEEM
Ag;//w¢~sin2(—ﬁs+¢85)
ATYA mq:Re(rcllzlAQ)

29



Marcella Bona Updates on CKM

new-physics-specific constraints

(5 I'(B, » {*X) —I'(B, — ¢ X) I 12
Al = — — — ———- = |m
LT T(B, = 6+ X) +T(Bs — £-X) Aful
Laplace et al.
semileptonic asymmetries: RIEIREIDIG
) . . 094040,2002
sensitive to NP effects in both size and phase \O
2D constraints a la HFAG for A%, and A’ S 0 e 1L ).
¢
same-side dilepton charge asymmetry: |
admixture of B; and B, so sensitive to NP effects in both systems );;;j;.}?
AR % 10° =-7.9+ 2.0 DO arXiv:1106.6308 D

PCPV 2013 30
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new-physics-specific constraints

semileptonic asymmetries

20.01- | B
f I CLEO, BABAR,EBeIIeEand DO
(| e ——— A—
| DO and LHCb N
001N f
¢
-0.02\- e
_ °)
HFAG
0.03 |
. | : i |
0.02  -0.01 0 0.01 ,
Ag(B)
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new-physics-specific constraints

lifetime 17 In flavour-specific final states:
average lifetime is a function to the width and
the width difference (independent data sample)

Updates on CKM

Dunietz et al.,
hep-ph 0012219

755 [ps] = 1.417 + 0.042 HEAG

@s=2B3s vs Al s from B - J/P@

angular analysis as a function of proper time
and b-tagging
additional sensitivity from the Al's terms

@ and Al :
2D experimental likelihood from CDF and DO

PCPV 2013

@ and Al g:
central values with
gaussian errors from LHCb
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Updates on CKM

new-physics-specific constraints

LHC

b 1.0fb™ + CDF 9.6fb~+ D@ 8fb™ + ATLAS

49 fb~

= 0.25

|
v}
2 020

S
IIIIIlIIIIIIIIIlIIII_L

| i g £ |
’ ?

DO,

+
+
A ]
. - ]
Ry 2T\ Combined
! ‘Combine
"* o - *
_____ il '
I‘ \ ™
. i -
’
1 # ' he™
¢ p .

- -

------

II:-\|‘_HCb

T T
HFAG

68% CL contours

(Alog £ =1.15)

IIIIIlIIIIIIIIIlIIIIT

L TTT
(&)}

@s=2B3s vs Al s from B - J/P@
angular analysis as a function of proper time

and b-tagging

additional sensitivity from the Al's terms

@ and Al's:

2D experimental likelihood from CDF and DO

PCPV 2013

[ I I T

1.0 1

@ and Al g:
central values with
gaussian errors from LHCb

N

( M‘i'ﬁ'?'-'

/. f
— |
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hew-physics-specific constraints

Updates on CKM

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

Coen @nd ¢, are

parameterize possible
NP contributions from

b — spenguins

nyBo + nqs
By

(HF. -+ H-“"BH
3

Qs=2B3s vs Al s from B - J/P@
angular analysis as a function of proper time
and b-tagging
additional sensitivity from the Al's terms
@ and Al g:

@ and Al's:

PCPV 2013

central values with
2D experimental likelihood from CDF and DO  gaussian errors from LHCb
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UT analysis including NP

M.Bona et al (UTfit) -
Phys.Rev.Lett. 97:151803,2006 model independent

P, N Cear Peq CEK Cor @ assumptions
V..V X
X SM SM+NP
DK
= tree level
E X X (V V)™ VoV )™
' SM SM
sin2f3 X X Y } y
Bd Mixing
Am X X
: B> B +9s,
o X X oS e 3
Ag By X X X Am, C..Am,
Bs Mixin
Al T, X X X - mSS'V' CgB - mSSM
AFS/FS X X X B SSM B SSM +¢ Ny
Am, X
Ack 2 X X X X e Ce, e,
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NP analysis results

= F

1~ H:Zfa AN

I NP fit ~

0.5 |:p =0.147 £ 0.048 %

; n=03704005

o: - V )/:

: \,

_degeneracy SM is 'I@

-0.5[of y broken D

:by A, ‘
1_
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NP parameter results

Ce = 1.08 £0.18
Camk = 0.98 % 0.33

w! Z
O 1.55— UTﬁt
E winter13
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0.5F
oL dark: 68%
E light: 95%
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-1
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T T T
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cAmK
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NP parameter results (B, HE B,

Cg 28,

" (By|HE'| B,)

Cgq VS PBd

20

- [ dark: 68%
15

UTf:’t

winter13

0. ]

10 SM: red cross
- NP fit
50

: Cs, = 1.01 £0.15
oF @, = (-2.2 £3.7)°
-10;— )

-15F

_20:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0O 02040608 1 1.2 14 16 18 2

Ce

d
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NP parameter results

CBs VS PBs

20

dark: 68%

6. ]

)
15

10 SM: red cross

-10

-15

-20

UTﬁf

winter13

NP fit

o
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NL
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_ (BylHei'|By)

eH00 = SN[ T
By Hag' | By)

q

Cp

Cs, = 1.03£0.10
@, = (1.1 £2.2)°
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testing the new-physics scale
At the high scale

Updates on CKM

E new physics enters according to its specific features

| | |

At the low scale

use OPE to write the most
general effective Hamiltonian.
the operators have different
chiralities than the SM

NP effects are in the Wilson
Coefficients C

NP effects are enhanced

® up to a factor 10 by the
values of the matrix elements
especially for transitions

(2'-?: qj
(2'—’?: q;
(2'-’1': q;
(2'-’{: q;
QU

)

among quarks of different chiralities

@ up to a factor 8 by RGE
PCPV 2013
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(I_JH(IIL(J}H(LL ’
- 3 =0 (8
q; H‘Tqu_ iR4iL
a o =06 P
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q} q.} q}fq.:ﬁ’

M. Bona et al. (UTHfit)

JHEP 0803:049,2008
arXiv:0707.0636
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effective BSM Hamiltonian for AF=2 transitions

Most general form of the effective Hamiltonian for AF=2 processes

A K ZC Qw]+ ZC Qw’

B,—B, ' b =~ b
Heg ' = Z Ci Q" + Z C; Q"
i—=1 i=1

The Wilson coefficients C, have Putting bounds on
in general the form the Wilson coefficients f
@@ give insights into the o
_ NP scale in different
NP scenarios that =

enter through F, and L
function 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)

PCPV 2013 41
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contribution to the mixing amplitutes

analytic expression for the contribution to the mixing
amplitudes Lattice QCD

a1, = 33 () o) PeunfBiari,
j= lr

arXiv:0707.0636: for “'magic numbers” a,b and ¢, N = ag(\)/as(m,)
(numerical values updated last in summer'12)

analogously for the K system *-‘

{HD|H.&S 2|HIII -a.— ZZ(b{Ti}_I_ﬂc{ri}) ﬂjﬂr{ﬁ]ﬂr{f{-ﬂ'@rad'l;{ﬂ} ’5;’

i=1r=

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.

PCPV 2013 42
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testing the TeV scale

The dependence of C on A changes C; (A) : /Cj

on flavor structure.
We can consider different flavour scenarios:

® Generic: C(A) = a/A\® Fi~1, arbitrary phase
® NMFV: C(A) = a x |Feul/A*  Fi~|Fsu|, arbitrary phase
®

a (L) is the coupling among NP and SM

@ a ~ 1 for strongly coupled NP If no NP effect is seen

® a ~ oy (as) in case of loop lower bound on NP scale A
coupling through weak if NP is seen
(strong) interactions upper bound on NP scale A

F is the flavour coupling and so
Fsu IS the combination of CKM factors for the considered process

PCPV 2013
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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 L, = 1,
corresponding to strongly-interacting and/or tree-level NP.

)

20x1o‘"‘
e E

4

ury
(4]
T

UTgit
Moriond12
NP fit

ImD(C

—y
o
TTTr[rrT

-10

-15F

_20--IIII-|IIII-IIIII-IIIIIIIIIIIIIIIlIIII|IIII

To obtain the lower bound for
loop-mediated contributions,

Updates on CKM

one simply multiplies the bounds
by as (~ 0.1) or by aw (~ 0.03).

PCPV 2013

f"‘\1075
= EMRecC, Moriond12
':,106? Im C,,
< e,
© 5 Cgq — N
E e E_ CBs N t.!
< 10tk o = )?J
3 Ll ff;
10°E ¢
102
r F o
10 "))
G & G G G
Scenario| strong/tree | a, loop | ay loop
NMFV 19 1.9 0.6
General| 2.7-10° 2.7- 104 9108
Lower bounds on NP scale
(in TeV at 95% prob.)
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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 L, = 1,
corresponding to strongly-interacting and/or tree-level NP.

L. Silvestrini

present lower bound on the NP scale for

L=1 and F. = 1:

from g,: 4.9 10° TeV

from D mixing: 1.3 10* TeV

from B, mixing: 3 10° TeV

from B_ mixing: 8 102 TeV
V. Bertone et al.
arXiv:1207.1287 [hep-lat], 2012

PCPV 2013

Updates on CKM

—t

0'g

> Re C, ICHEP12
':,106_ Im C,,
s Mm% _
© Cgy
8 105%_ CBs
% |

104 N

10°

102;_ w W —‘

vTee e ¢ e

7 P4 3 q 5

Scenario| strong/tree | a, loop | ay loop
NMFV 19 1.9 0.6
Ceneral | 2.7 105 2.7- 101 9.10%

Lower bounds on NP scale

(in TeV at 95% prob.)
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conclusions
~ SM analysis displays very good overall consistency

~ Still open discussion on semileptonic inclusive vs exclusive

~ UTA provides determination also of NP contributions to

-~

~ For finding some deviations we need to look closer at some
2-30 level effects: sin2f3, AAcr In charm.. However these are
not easily accomodated in simple NP models and direct
searches are also indicating that simple NP models are
unnatural.

~ S0, as usual, we need more data..

PCPV 2013

Al
\
=

AF=2 amplitudes and currently leaves very little space for NP V
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conclusions
-~ SM analysis displays very good overall consistency

~ Still open discussion on semileptonic inclusive vs exclusive

Updates on CKM

~ UTA provides determination also of NP contributions to

AF=2 amplitudes and currently leaves very little space for NP

~ For finding some deviations we need to look closer at some

2-30 level effects: sin2f3, AAcr In charm.. However these are
not easily accomodated in simple NP models and direct
searches are also indicating that simple NP models are

unnatural.

~ So, as usual, we need
more data..

PCPV 2013

Today 2015
=06 ; ey = 0.6C 5 y ] =06 e
ﬁ/* p E ‘the drea “the n are”
s e = 0.5 e r
: = w o . e >
: : a2l =
04 “ . g — | oS Ny / ———ng
oaFe= |/ 7 o | M > 2By 03 | =
s A
02 | | ] /d | o ﬁ/
V1 A /7 /
N b J | b ' ¥,
01N | e — / B [am. |:| 0.1 Iy ma \ |,,—|
N | |
= T . I
1) | |t/ I
aqfudd T T P T [irwrwrart [N | PP 0 U TP PRI | VP B " YL A1 WP ki MR )
31 0 01 02 03 04 05 06 04 05 06 b3 6 63 04 05
P P

A" “ﬁ%

.1_‘,;

s

d
o

COaY R u

B Y
B



Back up slides

%
)
<
égi
(

/




Marcella Bona

Results from the Wilson coefficients

the results obtained for the flavour scenarios:
In deriving the lower bounds on the NP scale, we assume L, = 1,

corresponding to strongly-interacting and/or tree-level NP.

Parameter  95% allowed range Lower limit on A (TeV) Lower limit on A (TeV)
(GeV—2) for arbitrary NP for NMFV
ReC}k [-9.6,9.6] - 10-13 1.0-103 0.35
ReC} [-1.8,1.9]-10-14 7.3-10° 2.0
ReC% [—6.0,5.6] - 10-14 41-10° 1.1
ReCj [-3.6,3.6] - 10717 17-10° 4.0
ReCy [-1.0,1.0] - 1074 10-10° 2.4
ImC} [—4.4,2.8] - 10-15 1.5- 104 5.6
ImC% [-5.1,9.3] - 10717 10- 104 28
ImC} [-3.1,1.7] - 1016 5.7- 104 19
ImCj [-1.8,0.9] - 1077 24 - 104 62
ImCj [-5.2,2.8] - 1077 14-10% A 37

/

0.06

0.04

0.02

0

-0.02}

Updates on CKM

x10™"°

_o-oﬁ-olll-lllIIIIIIIIIIIIIIIIIIIIIIII

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

PCPV 2013

x10™°
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Upper and lower bound on the scale

—
o
N
7T

Lower bounds on NP scale from K and
B. physics (TeV at 95% prob.)

Scenario| strong/tree ag loop aw loop
r’

NP scale A (TeV)
2 =°

MFV 5.5 0.5 0.2 1
NMFV 62 6.2 2 10°E
General 24000 2400 800

-
o
|

-y
o ] w S C.] )
LI 1T L L R N1

Upper bounds on NP scale from Bs:

Scenario| strong/tree a, loop aw loop

NMFV 35 4 2 |
General 800 30 30 e

: JC

® the general case was already problematic :::3

(well known flavour puzzle)
® NMFV has problems with the size of the B. effect vs the
(insufficient) suppression in By 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
PCPV 2013 which is stronger than the SM one |
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Theory error on sin2f:

Updates on CKM

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

Channel C{II.VEQEAQAQH G [ pani [ p %
*cb cs —15 l l ‘vub ts l V*ubvus : :
B, — J/K® | C | - — 02)| - - _ = E: T
Byg—mJfp | D | - | X3 ¥ | - |- | X | -] - o= [
V*Vea V*, Vi V*iuVud
=~ . . . 20.0015
E—F 1) Fit the amplitudes in the @
c .
= SU(3)-related decay J/yn° 3 2) Obtain the upper
and keep solution compatible z “ limiton the penguin
with JAyK é amplitude and add
B 0.0005 100% error for SU(3)
_breaking
1] 1 2 3 4 5|P:IM-P2|E 0 2 |P4§IM-P2|JIWUB
. itudesin B | VT |
) Fitthe amplitudesin ¢ | = AS = 0.000 % 0.012
J/\IIKOImPOSIng the 2 il M.Ciuchini, M.Pierini, L.Silvestrini
upper bound on the F Phys. Rev. Lett. 95, 221804 (2005)
©
CKM suppressed 8
amplitude and extract 2 *°%
the error on sin2f3
[ X a—yT Y
PCPV 2013 AS(JIVK®)
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The future of CKM fits

r

Updates on CKM

oo D N s e i
Callabration Upgrade % snllerB Design Report, Hadronic | Current | 60 TFlop | 1-10 PFlop
Workshop 2015 N\ f  orXiv:0709.0451 matrix lattice Year Year
10/fb (5 years) 1/ab (1 month element er'r';)r' [2011 I;HCb] [2015 Su‘ferB]
Amg 0.07%(+0.5%) no atY(5S)) £.77(0) (22‘2;3:1/(1)-&) (103,'1/(1)-&) (zjo.f? ‘0111 fom
AS, ? 0.006 B, 11% 3% 1%
s (J/‘l! ¢) 0.01+SY51. 0.14 fy 14% 2.5-4.0% 1-1.5%
£ B 13% 3-4% 1-1.5%
75/ab (5 years) : 5% 15-2% | 0.5-0.8%
sin2B (T/yK) 0010 0.005 , Grienti) ] o mionts) | 4% min
v (all methods) 2.4° 1-2° 7 — DAy (40% i 1-7 | (@13%on [l)-f) (5% on 1?9-')
o (all methods) 45° 1-2° £ 11% 4-5% 2-3%
V.| (all methods) no <1% T, . 13% 3—4%
|V,| (all methods) no 1-2% anirioing thecUsS et GCD Exeutive. Commtitnas
Today 2015 D
CM; B - = 1 ’ “the dream” ":Mg “the nighyfmare”"
0.5 A 0.5 —y 0.5F = y
0.42" 7 L o o_4L & u.é% B(E o) :_/7_,_ =
02F— 02t ;;,j//'l u.z:-:"_d_ ;,;f/ 4 \\‘x\ 7
o.1; u.1§— f o loz] mé— fﬁ N (e \”\”_il f
| m s /4
"’-1::1' 0 bff"i:fé“h.'é“i:fi"bfgﬂ'o.s ":3?1'“'{' 'b'.{l‘bfz“':?;:“;.i"b.l;@ij:.s ‘%EA”" L .
PCPV 201 3 5 o 1 C 01 02 03 04 05 %B 52
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