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{  Unitarity Triangle analysis in the SM g
5 O
g SM UT analysis: f?,
% . %
% U provide the best determination of CKM parameters %
Y _ (&
@ U test the consistency of the SM (“direct’ vs “indirect’ a‘:j
fgg determinations) &
) , o 0
% 0 provide predictions (from data..) for SM observables %
¥ (&
¥ - and beyond (f?
{rg NP UT analysis: %
) . ;
Qj U model-independent analysis g
) . . . \J
% o provides limit on the allowed deviations from the SM ?Ej

Y
% D obtain the NP scale X




¥ www.utfit.org g;
% A. Bevan, M.B., M. Ciuchini, D. Derkach, g
7 . . . . ~
N E. Franco, V. Lubicz, G. Martinelli, F. Parodi, ?
ﬁj M. Pierini, C. Schiavi, L. Silvestrini, A. Stocchi, &

. . . )
Q‘é V. Sordini, C. Tarantino and V. Vagnoni %
& . 8
i Other UT analyses exist, by: &
(8  CKwMifitter (http://ckmlitter.in2p3.fr/), &
fi‘ Laiho&Lunghi&Van de Water (http://latticeaverages.org/) {g

Lunghi&Soni (1010.6069)




(b —u)/(b—c) A *»*| Standard Model + ?ﬂ

the method and the inputs: @

f(p, 1, Xl|e1, .y em) ~ H fi(Clp, 7, X )* g
Bayes Theorem J=1,m (&
|| fite)folp,m) [§

i=1,N

N,
- - OPE/HQET/ [
€K 7(1 — p) + P| Lattice QCD ?*‘ﬂ

BT i togo |
Amyg (1—p)"+7 ’ from quarks (sj

Amy/Amg to hadrons %

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

N

M. Bona et al. (UTfit Collaboration) (‘j

JHEP 0603:080,2006 hep-ph/0509219 Y
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Ve, (excl) = (39.19 + 0.70) 107 0-006r
[ -
Vs (incl) = (42.20 + 0.70) 10 0055
~3.00 discrepancy 0-005¢
- Incl. Vub

0.0045}
V.., (excl) = (3.69 + 0.14) 10° 0.004F-

AT

V., (incl) = (4.40 + 0.22) 107 0.0035 I

~2.70 discrepancy

Vi / Ve (LHCb) = (8.3 + 0.6) 10-2
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00.006F
Average inspired by D'Agostini >3 :
skeptical procedure 0.00551- Uit
(hep-ex/9910036). 0.005F summer16
However very similar results are  Incl. V
obtained from a 2D a la PDG 0.0045f- NN
rocedure. pifLayerage 3
P y 0.004f ¢ %N N, )
= + 3 0.0035 [ R o
tainty ~ 3.4% 0.003}- :
uncertainty :&% E
Vi = (3.77 £ 0.29) 107 0.0025/>" N\
- 3| g
t.tN77o/ :IlllIlllllllxl%\%llls:illlllllllll
uncertainty ~ 7.7% 0-08%32 0.034 0.036 0.038 0.04 0.042 0.044 0.046 0.048
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exclusives vs inclusives

only exclusive values

—h
T T I LI

/_
1, A

-0.5 0 0.5 1

0l

0.5

-0.5

0 0.5 1




Probability density

sin2a (¢.) from charmless B decays: pp, (pp, 7p)
0.006
[ ]alaPDG average — | = 001 ] Combined
- [_]plain average fIt \?:'J\u B2 pipi UTfit
B E BaBar CKM14 ()] 0.008 m rhorho summeri6
. [JBelle o K& rhopi
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0.004— = |
o) |
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a la PDG average inflates the error

BR(n’z%) = (1.15 £ 0.41) 10°
wrt plain average: (1.15 £ 0.13) 10°

o from ntw, pp, Tp decays:
combined: (92.5 + 5.5)°
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Unitarity Triangle analysis in the SM:

1=

Amy

-1 -0.5 0 0.5 1

P

levels @
95% Prob

p=0.144 +0.018
n =0.346 £ 0.012
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compatibility plots

CRN
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RER

) better than 1, 2, ...nc

© g

} 20 40 0 . 80 100 120
& v
Yoo = (70.5 % 5.7)°

A
ﬁ\}f Color code: agreement between the
f\g predicted values and the measurements at

)O

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 flavour physics

The cross has the coordinates
(x,y)=(central value, error) of the
direct measurement
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N ~1.40

o sin2B.., = 0.680 = 0.023

Y o OB i © sin2Bum = 0.740 + 0.037
5 S [T

E ; summer16 5

0.045

AR
S(IV_ |
o
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0.04

0.035

c(sin(2p3))

0.03
0.025
0.02
0.015
0.01
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&,

) T : T _ obtained excluding
% Unitarity Triangle analysis in the SM: . given constraint
N .
% / from the fit
N\
?g Observables Measurement Prediction Pull (#0)
¥ sin2 0.680 +0.023  0.740 + 0.037 ~1.4
(¥
Y/
& 70.5+5.7 66.3 + 3.0 <1
&) v
~
(“3 o 92.2 + 6.2 87.3+3.9 <1
(fv
Y
fg |Vus| - 10° 3.77 £ 0.29 3.66 + 0.11 <1
/
@ IVuo| - 10° (incl) 4.40 + 0.22 _ ~30 -
N
% IV - 20° (excl) 3.69 % 0.14 _ <1
% IVeo| - 10° 41.0 + 1.4 42.3 £ 0.6 <1
Y
?g B. 0.97 + 0.94 1.05 + 0.04 <1
/
&Ej B« 0.766 £ 0.010  0.832 +0.081 <1
~
g?:j BR(B - tv)[10"]  1.06 +0.20 0.81  0.06 ~1.3
)
% As® - 10° 15+17 .0.283 + 0.024 <1
Y
$-; As.® - 10° 75+4.1 0.013 + 0.001 ~1.8 <<-—

X
)
%&2@ 2) -
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2007 global fit area

= F

As NA62 and KOTO are approaching 1

data taking: ;
9 E949 central value ©°s:

BR(K* - mt'vv)

0.5}

@ . .
projection

100 events

= F
SM central value B

f:proj ection
"F 100 events

04—

-

0.55— including _
BR(K® - nvv)
SM central value

-0.5
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UT analysis including new physics

fit simultaneously for the CKM and
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):

ANP

. 2iby, ASM 2id g 2i(dy =) | ASM 2"
A=Cg e A e " =1+—Fe A, e

q

_ SM _ ~ _SM
Amq/K_CBq/AmK<Amq/K> e =C. g

Al o=sin2(p+dg) [|A% T ~SIN2 (=Bt dp)

AL =Im[T%/A,| ATAm,=Re[T% /A,




NP analysis results

= F
L |YUTst
i summer16
0.5
0
0.5
-1+
1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1

-1 -0.5 0

0.5 1

0 =0.151 + 0.040

n = 0.384 + 0.037

SMis

E: 0.144 + 0.018
n =0.346 + 0.012
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NP parameter results

K system
dark: 68% Ce,=1.14£0.16
SM: red cross > i S
A,=Cge A e
5 150 5= 20¢
— [|Cs,=1.131£0.16 o E
il UTyit % 15F UTrit
< 10-_ ¢Bd = ('30 * 2-4)0 summer16 E CBS 2 (I)BS summeri16
: 10
5 NP fit . NP fit
[ S
oF + oF
; s
_5__ :
[ 10
- Csqg VS 0Bg :
_15-||||||||||||||||||||||||||||| _20_” NTEE NN FEE

1 12 14

1.6

o

o

[\ ]

of

L

or

[op)
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[*

NP
d

80; C‘-':_’_- 80;—
| % e
“oF NP fit OF NP fit
20f 20
o *F
-205 -205—
40F “4o0F dark: 68%
-60F -60F
80 80 SM: red cross
0I I I0!1I - I0!2I - I0.'3I - I0!4I - I0.I5I - I0.6 0I - I0!1I - I0!2I - IO.ISI - I{)!4I - IO.I5I - I0.6
NP, A SM NP/ A SM
Aq /Ad Al /A
The ratio of NP/SM amplitudes is:
< 35% @68% prob. (50% @95%) in By mixing
< 30% @68% prob. (40% @95%) in B, mixing
see also Lunghi & Soni, Buras et al., Ligeti et al. ”0
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testing the new-physics scale

At the high scale
E new physics enters according to its specific features

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

p
L.t

-
d

-
Fi

the operators have different Q7Y = {E*L_"}-’H(j?L_(}fL"}'I'(j?i :
chiralities than the SM . o
. . Q ;f}'l; - (—r_t {f} (—..:f (.._'J
NP effects are in the Wilson 02 = YR%iLYGRYL
ICI iq - B =0 «
Coefficients C QL — ot Ton s
NP effects are enhanced 0% — za a8 B
Qi = 4;r9; L9 L9iR

@ up to a factor 10 by the | -
values of the matrix elements Q5" = CRn T
especially for transitions

: T M. B tal. (UTit
among quarks of different chiralities JHES%Z§3%4§,,QOB§

@ up to a factor 8 by RGE arXiv:0707.0636

21




& : : : - N
§  effective BSM Hamiltonian for AF=2 transitions %j
S 5
(rg Putting bounds on a\;j
k{é The Wilson coefficients C, have the Wilson coefficients fg
Y in general the form give insights into the &
Y L S
fg NP scale in different ®
¥ NP scenarios that &
fg C (A) enter through F, and L, g
¥ t T\ 2 &
&) fii
g :
) %SJ
N function of the NP flavour couplings g

. . N
@ loop factor (in NP models with no tree-level FCNC) (S
8 A NP scale (typical f icles mediati &
i : scale (ty.pllca mass of new particles mediating «j
$‘3 AF=2 transitions) Qj
(Sﬂ (‘\j
¥ &
S y
g .

22




f ' he TeV I ¢
& testing the TeV scale @ 3
‘; Ci(n) =B
@ The dependence of C on A changes i T2 ﬁj
§ on flavor structure. | &
{‘:3; We can consider different flavour scenarios: %
(9 (S
g ® Generic: C(A) = o/A? Fi~1, arbitrary phase f_g

. N
8 ©NMFV: C(A)=ax [Feul/A> Fr~|Fs, arbitrary phase &
¥ o g
Y] (N
8 o (Li) is the coupling among NP and SM s

® e a~ 1 for strongly coupled NP

g | If no NP effect is seen %
g OO0 () In case of loop lower bound on NP scale A [
g coupling through weak if NP is seen %
a\é (strong) interactions upper bound on NP scale A ff\j
& . &
¥ Fis the flavour coupling and so %

7l Fsw is the combination of CKM factors for the considered process &
23




results from the Wilson coefficients
Generic: C(A) = a/A®, Fi~1, arbitrary phase
o ~ 1 for strongly coupled NP

— 107

—
o
(3]

NP scale A (TeV

-,
o
=

10°

102

10

MRe C, UTjit

im CK summeri16
ImC

WC,,

mC,

c ¢ C ¢ C

7 2 3 9 5

Lower bounds on NP scale
(in TeV at 95% prob.)

Non-perturbative NP
A>4510°TeV

To obtain the lower bound for
loop-mediated contributions,
one simply multiplies the bounds

by o (~ 0.1) or by ow (~ 0.03).

o ~ oy In case of loop coupling

through weak interactions
NP in aw loops
A>1.410%TeV

Best bound from ek
dominated by CKM error
CPV in charm mixing follows,
exp error dominant
Best CP conserving from Amg,
dominated by long distance
Bs and Bs behind,
errors from both CKM
and B-parameters




results from the Wilson coefficients
NMFV: C(A) = a x |Fsul/A2, Fi~|Fsu|, arbitrary phase

o ~ 1 for strongly coupled NP To obtain the lower bound for
loop-mediated contributions,
one simply multiplies the bounds
by o, (~ 0.1) or by ow (~ 0.03).

UTfit

summeri6

102

o ~ oy in case of loop coupling
through weak interactions

NP in aw loops
A>2.7TeV

NP scale A (TeV)

If new chiral structures present,
ek still leading

107

c ¢ € ¢ ¢C

7 2 3 4 5 Bs) mixing provides very stringent
Lower bounds on NP scale constraints, especially if no new
(in TeV at 95% prob.) chiral structures are present
Non-perturbative NP Constraining power of the various

sectors depends on unknown
A>90TeV NP flavour structure.
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)
® Look at the future s
"’ 'j
N

8 In the next decade, Belle-Il and LHCb €
g upgrade will push down the exp. error on %
?\Ej sin 2B(s) to less than 0.01 @5
¥ Theory error can be kept below 0.01 using ((:g
gg control channels as S(B — J/yn) gf:j
~) X
© i
g}; B-parameters will go below the % level, new (%
N . . .

(r\é ideas to attack long-distance in K and D €
© (
) 0
g Improving v, o and [V | & [V | cruciall %
& (8
@ (Sﬂ
3 X

[Silvestrini @Pisa] 26




Look at the future

=
;

0.5

-0.5

: |UTfit Y

B moderate

: future

- SM fit

: vuh

i Veo

i c(y) ~0.9°

i 6(Vw) ~ 1.1%

[ L1 4 I T N T T M I
-0.5 0.5 1

Y

errors from tree-only fit on p and n:

c(p) = 0.008 [currently 0.040]
o(mn) = 0.010 [currently 0.037]

errors predicted from
Belle Il + LHCb upgrade

[=y
1=
0.5-—
0_
0.5 - 6(Bx) ~ 0.1%
[ Uit o(fsVBg) ~ 0/5%
| moderate
B future
-1 SM fit
1 I | I I I | I | A 11 1 I 1 | I 1
-1 -0.5 0 0.5 1

errors from 5-constraint fit on p and n:
c(p) = 0.005 [currently 0.018]
c(n) = 0.004 [currently 0.012]
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errors predicted from
Belle Il + LHCb upgrade

15F well-tuned UTfif
- central values by gmer
10:— future
. NP fit
5F
of- +
_5:_
145E
F CBg VS 0Bd
_20_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 02 04 06 08 1 12 14 16 1.8 2
B,

2]

o
e
28]
<

20

15

10

5

0

-5

-10

-15

-20

not-so-well-tuned
central values

CBS VS (I)Bs

UTfft

moderate
future

NP fit

o

02 04 06 08 1

errors on general NP parameters:

6(Csg) = 0.03 [currently 0.16]
) =0.7 [currently 3.2]

o

1.2 14 16 1

8
C

BS

o(Cgs) = 0.03 [currently 0.08]
6(0Bs) = 0.6 [currently 2.0]
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Parameter

Now 50/fb  300/fb 1000/fb  3000/fb
p (SM fit) 0.002 0.0039 0.0023 0.0013  0.00064
n (SM fit) 0.021 0.0037 0.0019  0.0013  0.00068
v [°] (SM fit) 6.5 0.6 0.35 0.2 0.09
a [°] (SM fit) 5.5 0.6 0.37 0.2 0.1
B[] (SM fit) 4 02 010  0.07 0.04
Bs [°] (SM fit) 4 0.011 0.057 0.004 0.0023
p (NP fit) 0.002  0.006 0.0034 0.0028  0.0022
n (NP fit) 0.021  0.006  0.0053  0.0061 0.0052
v [°] (NP fit) 6.5 0.9 0.4 0.2 0.09
a [°] (NP fit) 5.5 1 0.5 0.45 0.36
B[] (NP fit) 4 0.8 0.7 0.7 0.7
Bs [°] (NP fit) 1 0.017  0.016 0.016 0.016
C. 0.14  0.065  0.065 0.065 0.064
Cp, 0.15  0.024 0024 0024  0.022
Op, 2.8 0.48 0.36 0.36 0.35
Cp. 0.087  0.02 0.02 0.02 0.02
Dp, 0.96 0.26 0.11 0.063 0.038
Prry, [°] 2.5 0.4 0.1 0.08 0.04
op,, [°] ~ 12 04 024 0.2

Very preliminary!!!

Crucial to improve
SM predictions

of rare decays!
-+

-

Need
<«—— progress in
“—|V,| and
-
-+ Ivcbl

) Steady

“7 .
<« Improvement




D LSUMEy LAGAVULIN.

conclusions

~ SM analysis displays good overall consistency
~ Still open discussion on semileptonic inclusive vs exclusive

~ UTA provides determination also of NP contributions to AF=2
amplitudes. It currently leaves space for NP at the level of 30-
40%

~ So the scale analysis points to high scales for the generic
scenario and at the limit of LHC reach for weak coupling. Indirect
searches still essential.

UM Y2402S }|IOW

“uibyqoypuung,

~ Even if we don't see relevant deviations in the down sector, we
might still find them in the up sector.
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Inclusives vs exclusives

only
exclusive
values

SinZBUTfit =
0.745 + 0.031

~1.50

Probability density

0.03

0.02

0.01

252 Exclusive

2 Inclusive

Experimental

UTfff

summeri3

only
inclusive
values

Sin2BUTfit =
0.788 + 0.031

~2.706
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& new-physics-specific constraints €
Y
\ Y
(Qj B meson mixing matrix element NLO calculation Coen and. Ppen are. g
¥  Ciuchini et al. JHEP 0308:031,2003. LETENTEERAE IS e |y
) NP contributions from f\\'j
(v i | f_?'J:?M —l—Qt_-‘J_:_:eq ) - R, ) b i ‘j
& f n7Ba + ny; —> s penguins «,
g | G 2By LT (bt ) ;
&) * 1 o
© S
«/ % +20B, q (”F. + N0 «,
Y R B, (S
) /
(S (S
&) Rﬁ
% ds=2PBs vs Al's from Bs—J/yo %
% angular analysis as a function of proper time %
g and b-tagging %
(x‘é additional sensitivity from the AT's terms (&
; ¢s and Al's: ®
7 . and ALs: central values with 5
™ . o . (¥
(«5 2D experimental likelihood from CDF and DO gaussian errors from LHCb @
Y
3 X
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NP parameter results: exclusives vs inclusives

dark: 68%

SM: red cross

only exclusive values

20

[

15

10

-10

-15

-20

UTfft

CKM14

NP fit

Cgqg VS 0Bg

L

06 08 1 12 14 16 1.

of

only inclusive values

15:— UTfft
- CKM14
10
C NP fit
5
oF +
_5:_
155
: CBgqg VS 0Bg
_20_|||I|||I|||I|||I|||I|||I|||I|||I|||I|||
0 02 04 06 08 1 12 14 16 18 2
B4
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contribution to the mixing amplitudes

analytic expression for the contribution to the mixing
amplitudes

5
(Bq|H$TB:2‘Bq>i — Z
j=1

Lattice QCD

n 4D Ci(A) kB, | Q| B,)

arXiv:0707.0636: for “'magic numbers” a,b and ¢, n = os(A)/os(m,)
(numerical values updated last in summer'12)

M)

|
(1

T

analogously for the K system

L 0 ] ) B
(KOTHE K =33 (557 + 0ef™) 5% Ci(A) R (K| Q3| K°)
i=1lr=1
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.
36

2,




L2222
QLD NR2 22
D22 2222

V
§ Results from the Wi
¥ e Wilso :
= n coefficients
™ the result . >
Y ults obta Y
! o ined f (8
vy Ind or the fl
e eriving the lower bound avour scenarios: §
v corres : nds on ' s
§ ponding to strongly-i the NP scale, we as 8
¥ y-interacting and/or t sume L, =1, &
?g Parameter  95% ree-level NP. g
€ 5% allowed ran \
~ ge  Lower limit on A \\i
(&; 1 {GEV_:;] for arbitr (TeV)  Lower limit on A (TeV) 15 gij
@ ReC [-9.6,9.6] - 10—12 By NP for NMFV ¥ 0.1 i<10 3
«5 ReCj [-1.8,1.9] - 10~14 Lo 0.35 9—4 . :\\j
¥ ReC?} 7.3-10° ' £ 0.08f ¥
«5 K [-6.0,5.6] - 10—14 £1.10% 2.0 C :\j
5\3 ReC [-3.6,3.6] - 10717 - 1.1 0.06 :sj
{:\5 ReCj [-1.0,1.0] - 1014 <« 4.0 0 04: ?{j
L 10- 04—
?g ImC [-4.4,2.8] - 10-15 1{: e 2.4 E g
«‘ ImCi [-5.1,8.3] - 10~17 aliad 56 0.02[ ’\\i
(g\) Ime3 10 - 104 B v
«5 :'f [—3-1.,.1.7] . 1016 £ et 28 0'_ :\j
gg TJHG:.; [-1.8,0.9] - 10717 .m 19 E E\é
(‘\5 mCk [-5.2,2.8] - 10-17 £2 -0'02__ '\"
) 140 4 ¥ : L\j
(@ -0.04, p-prt g b :{i
® To obtal / il
¥ one simpl - und for loop-medi K ¥
ply multiplies th ediated contributi Y
e bounds by o. ~ 0.1 ributions, ‘,‘é
S
.1 or by aw ~ 0.03. 3
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gg The future of CKM fits %
: (
V
LHCb reach from: e w8 r 5;"”'33" ?Ch f":"“ ©2007 V. Lubicz
O. Schneider, 17 LHCb SA1C L) e P M Hadronic | Current | 60 TFlop | 1-10 PFI
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