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Unitarity Triangle analysis beyond the SM

SM UT analysis:

o provide the best determination of CKM parameters

_ test the consistency of the SM (“direct’ vs “indirect’
determinations)

New Physics UT analysis:

~ model-independent analysis

U provides limits on the allowed deviation from the SM
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e method and the inputs:
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Vcb and Vub

2D average inspired by
D'Agostini skeptical procedure
(hep-ex/9910036) with o=1.
Very similar results obtained

Ve = (41.7 £ 1.0) 103

uncertainty ~ 2.4%

Vi = (3.74 £ 0.21) 107

uncertainty ~ 5.6%

from a 2D a la PDG procedure.
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Unitarity Triangle analysis in the SM: \337
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Observables
sin2p
Y
o
V| - 10°
[Vl - 10° (incl)
[Vus| - 10° (excl)
[Veo| - 10°
Bs
BR(B — 1v)[107]
Ag - 10°
Ag° - 10°

Measurement
0.680 = 0.023
70.5+5.7
94.2 +4.5
3.74 £ 0.21
4.41 * 0.22
3.62 +0.14
41.7 £ 1.0
0.97 £ 0.94
1.06 = 0.20
0.2+2.0
1.7 £ 3.0

nitarity Triangle analysis in the SM:

the given constraint
/ from the fit
Prediction Pull (#0)
0.725 + 0.030 ~1.2
65.4%2.1 <1
90.9+25 <1
3.66 £ 0.11 <1
— ~2.9 €4—
_ <1
42.6 + 0.7 <1
1.05 + 0.04 <1
0.81 + 0.06 ~1.2
-0.283 * 0.024 <1
0.013 + 0.001 <1

"
obtained excluding
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U
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

T analysis including new physics

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

Am_,.=C (Am

q/K B,/A my

Al e =sin2(B+ g )
AL =Im(T%/A,|




: NP analysis results
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1__ summer16
- NP fit
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p =0.150 £ 0.027
n =0.363 + 0.025

SMis
p=0.154 £0.015
M = 0.344 + 0.013
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P parameter results

=9

K system
dark: 68% Ce, =1.05%£0.11
SM: red cross io, ASM _2ig™"
A=Cze A e
5 151 5 20¢
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i NP fit - NP fit
5 -
- S
0‘ + 0— T
N 5_
_5_ :
- 10
15
CBg VS OBg ; 0s, = (0.1£1.0)°
_15-1||||||||||||||||I|..I...I... Y9 WAINE IS N IR I o o e
06 08 1 12 14 16 18 0 02 04 06 08 1 12 14 16 18 2
C
CBd B,
11
«~— —




S

NP parameter results =1+ 20| psM @210
r;-‘_’_; 80f D‘_’: 80f
Z_e_-o 60: squjnTnf:‘rtﬁ Z_e_w 60: suLl'jn-rlr.{:.rf‘iﬁ
e NP fit 408 NP fit
20F 20F
o o
_205 -205
40f “40f dark: 68%
60 60
_80:_....|....|....|....|....|.... _80:_....|....|...8.|\{|:.':e.(.j|(:.r.().s.sl....
0 01 02 03 04 05 06 0 01 02 03 04 05 06
NP, A SM NP, A SM
ANP/AS ANP/AS
The ratio of NP/SM amplitudes is:
< 15% @68% prob. (30% @95%) in B, mixing
< 15% @68% prob. (25% @95%) in B, mixing

see also Lunghi & Soni, Buras et al., Ligeti et al.
~— —
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testing the new-physics scale

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

At the low scale AB=2 _
use OPE to write the most S
general effective Hamiltonian. _
the operators have different 1Y = e il
chiralities than the SM - o o B
NP effects are in the Wilson 02 = GRYGLYRYL -
Coefficients C QU — fﬁﬁflfi (j}qui |
NP effects are enhanced 0% — za a8 B

Qi = 9;r9:L9L9iR

® up to a factor 10 by the
values of the matrix elements Q5" = a4
especially for transitions E—
among quarks of different chiralities T e, A

@ up to a factor 8 by RGE AN B30 13




(5w

effective BSM Hamiltonian for AF=2 transitions

Putting bounds on

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)

A: NP scale (typical mass of new particles mediating

AF=2 transitions)

=9

The Wilson coefficients C, have the Wilson coefficients
in general the form give insights into the

14
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(5w

esting the TeV scale @
The dependence of C on A changes C; (A) : /\_3
depending on the flavour structure. |
We can consider different flavour scenarios:
® Generic: C(A) = o/A® Fi~1, arbitrary phase
® NMFV: C(A) = o x |Feu|[/A*  Fi~|Fsu|, arbitrary phase
®
o (L) is the coupling among NP and SM
@ o, ~ 1 for strongly coupled NP If no NP effect is seen
® o ~ O (0s) 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 s
,./'Té )




;i results from the Wilson coefficients \&9’7

Generic: C(A) = a/A®, Fi~1, 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).

o ~ oy In case of loop coupling
through weak interactions
NP in aw loops
A>1510*TeV

Best bound from ek
dominated by CKM error

— 10’

—_
o
o

NP scale A (TeV

-y
o
4

—_
o
w

102

¢ Cc € C ¢C CPV in charm mixing follows,
/ < ¥ ! ° exp error dominant
Lower bounds on NP scale Best CP o f A
(in TeV at 95% prob.) est LI conserving from Amg,
_ dominated by long distance
Non-perturbative NP B, and B behind,

A>5010°TeV errors from both CKM
and B-parameters 16
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o ~ 1 for strongly coupled NP

NP scale A (TeV)

107"

c ¢ € ¢ C

7 gl 3 4 5
Lower bounds on NP scale
(in TeV at 95% prob.)

Non-perturbative NP
A>114TeV

(sve

: results from the Wilson coefficients \&?

NMFV:  C(A) = o x |Fsul/AZ, Fi~|Feyl, arbitrary phase

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>3.4TeV

If new chiral structures present,
ek still leading

B(s) mixing provides very stringent
constraints, especially if no new
chiral structures are present

Constraining power of the various
sectors depends on unknown

NP flavour structure. 17
ﬂ




: Look at the future

In the next decade, Belle-1l and LHCb
upgrade will push down the exp. error on
sin 2B(s) to less than 0.01

Theory error can be kept below 0.01 using
control channels as S(B — J/yn)

B-parameters will go below the % level, new
Ideas to attack long-distance in Kand D

Improving v, o and |V, | & |V | Ccrucial!

é“ [Silvestrini @Pisa]
s
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s =
Look at the future errors predicted from

Belle Il + LHCb upgrade
= F =
i UTy; 4 i
: future B
! SM fit -
0.5 051 /
I v : /
i Voo / ok a’
Of - AN
i [ o(B) ~ 0.2°
0.5 0.5 / 6(Bx) ~ 0.1%
- S(y) ~ 0.9° i :Udeff‘ 6(fsVB) ~ 015%
i 6(Va) ~ 1.1% i utare
LN (V) ~ 2.2% - SM fit
. I-I1I = I-0|.5I = I()I = .0!5....4.; . I-I1I - I-()|.5I = I()I - I0!5I I II%I;
Y Y
errors from tree-only fit on p and n: errors from 5-constraint fit on p and n:
c(p) = 0.008 [currently 0.050] c(p) = 0.005 [currently 0.015]
co(n) = 0.010 [currently 0.035] c(n) = 0.004 [currently 0.013]




s =9
Look at the future errors predicted from

Belle Il + LHCb upgrade
— 20 — 20
o .t © .
o 5£ Well-tuned UTsi; %mwwf_ not-so-well-tuned UT:;
- central values oy = central values by e
10 future 10~ future
; NP fit - NP fit
5F- 51
o + oF *
sF 5
-103— -105—
F Cig VS 0Bg 5E Cis VS 0Bs
P T TR T TP T TP P T T | S T T PR PO T T P R T
0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
CBd CBS
errors on general NP parameters:
o(Cgq) = 0.03 [currently 0.12] o(Cgs) = 0.03 [currently 0.09]
o(0Bg) = 0.7 [eurrently 1.7] c(0Bs) = 0.3 [currently 1.0]

20
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¥ P
conclusions
~ SM analysis displays very good overall consistency

—~ Still open discussion on semileptonic inclusive vs exclusive

~ UTA provides determination of NP contributions to AF=2
amplitudes. It currently leaves space for NP at the level of 25-
30%

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

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




Back up slides
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C,.. and 0., are

parameterize possible
B meson mixing matrix element NLO calculation NP contribiitions from

Ciuchini et al. JHEP 0308:031,2003. b — s penguins

nyBo + nqa
ng + ——
2 B,

= 1: (6T 420 - B_}
b — i'f'{-‘f +-'R’f]( Pen ”__1'* ng=—
(.J = BI

:i hew-physics-specific constraints

¢0s=2Ps vs AI's from B—J/yo

angular analysis as a function of proper time

and b-tagging

additional sensitivity from the Al's terms ds and Al:
from HFAG

23
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: contribution to the mixing amplitudes \'55(7

analytic expression for the contribution to the mixing
amplitudes Lattice QCD

i = 33 0 ) o) P [Birz,

arXiv:0707.0636: for “'magic numbers” a,b and ¢, n = os(A)/os(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'@ﬁd'ﬁrﬂ}

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. 24
(5w .




: 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.

=9

ImC} [—4.4,2.8] - 1015 1.5- 104 5.6 -
ImC% [-5.1,9.3] - 1017 10- 104 28 or
ImC% [-3.1,1.7] - 10-18 5.7 - 104 19 -0.02—

Parameter  95% allowed range Lower limit on A (TeV) Lower limit on A (TeV) 0. 1><1 0'®
(Gev—2) for arbitrary NP for NMFV '{;" -
ReCl  [-9.6,9.6]-10-13 1.0- 103 0.35 :5: 0.08
ReCZ  [-1.8,1.6]10-1¢ 7.3 - 103 2.0 0.065
ReC}  [-6.0,5.6] - 10-1¢ 4.1-10 1.1 -
ReCL  [-3.6,3.6] 1071 4.0 0.04r~
ReCy [-1.0,1.0] - 1074 10-10° 2.4 0.02—

ImCi  [-1.8,0.9]-10°%7 62 -
||I|||I|||I|||I|||I|||I|||I||||

||||||><10-15

ImCj [-5.2,2.8] - 1077 14-10% ‘ 37 0048 6 4 2 0 2 a4

/

To obtain the lower bound for loop-mediated contributions,

:! one simply multiplies the bounds by a. ~ 0.1 or by aw ~ 0.03.

N




: sin2a (¢2) from charmless B decays: ©tw, pp, 7p \&9’7

7°n® from Belle at CKM14
to be updated soon (?)
BR(n'r°) =

o
o
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[ ]Combined _1
B pip UTy;t

B&& rhorho summer16

K& rhopi

AT ITSE

£ X

&

X

HFAG 2014

a a la PDG average would give
an inflated uncertainty of 0.41
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p*p” average updated including :
Belle arXiv:1510.01245 0.002

p°p? average updated including
LHCb arXiv:1503.07770 0
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*,

o from nw, pp, Tp decays:
combined: (94.2 + 4.5)°

UTTit prediction: (90.9 + 2.5)°
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nd DK trees =

y a >160%—
1405—
120f—
= I 100
@ [ |\UTfit :
ﬂCJ :summer1 6 W Average *F
O o151 UTfit prediction 60
= - :
E i 40:—
-‘% I 202—
'8 01 02006 2008 2010 2012 = 2014 2016
E i year
i After a decade of analyses and
0.05 almost 50 papers published, the
I world average uncertainty has
I decreased by a factor 3
%o
combined: (70.5 + 5.7)°
UTTit prediction: (65.4 + 2.1)° .
(bve .
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(b

— 0.8 x107 R - e 6 O
.% : : :
>
— 05
o

03 | .
0.2

0.1, .......................... :

0.8025 0.003 0.0035 0.004 0.0045 0.005

V.
Vibes = (3.74 + 0.21) - 102

ensions? not really.. still that V., inclusive

V., (incl) = (4.41 + 0.22) 10°

~1.20

SiN2PBe, = 0.680 + 0.023
Sin2BUTﬁt = 0725 i 0030

=9
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