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first two generations: Y

mainly decoupled from the third:
the global fits include the relevant inputs
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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
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semileptonic asymmetries in B° and Bs: sensitive to NP effects in both size

and phase. Taken from the latest HFLAV. Cleo, BaBar, Belle,
DO and LHCb
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same-side dilepton charge asymmetry:
admixture of B, and B, so sensitive to DO arXiv:1106.6308
NP effects in both.
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hs=2PBs VS AT's from B—J/pd -
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of proper time and b-tagging R A
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The ratio of NP/SM amplitudes is:

< 18% @68% prob. (30% @95%) in B, mixing
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testing the new-physics scale M. Bona et al. (UTHit) |

] JHEP 0803:049,2008
At the high scale arXiv:0707.0636

new physics enters according to its specific features
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5= At the low scale HAB=2 _
use OPE to write the most

general effective Hamiltonian.

the operators have different

chiralities than the SM 00 o o B 3
NP effects are in the Wilson ¢2 = YRYULYRYL
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: [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 processes)
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¥ testing the TeV scale X
Y Y/
g C'i(A) S
2y The dependence of C on A changes o
4y depending on the flavour structure. &
C We can consider different flavour scenarios: -
X © Generic: C(A) = a/A? Fi~1, arbitrary phase X
5 ® NMFV: C(A) = a x |Fsu|/A* Fi~|Fsu|, arbitrary phase s
X e J
Y Y/
é}; a (L) is the coupling among NP and SM l{
% © o ~ 1 for strongly coupled NP X
O N . _ Y/
5 © o~ O _(Ots) in case of loop If no NP effect is seen 2
A Coupllng.through weak lower bound on NP scale A £
K (strong) interactions A
Y Y/
¥ F is the flavour coupling and so ¥
;}’{ F<v is the combination of CKM factors for the considered process 3‘{
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F~1, arbitrary phase Fi~|Fsv|, arbitrary phase
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Lower bounds on NP scale
5
A>4.110°TeV (at 95% prob.) A>90TeV

a ~ oy in case of loop coupling a ~ ay in case of loop coupling
through weak interactions through weak interactions

A>1.210*TeV A>27 TeV A

for lower bound for loop-mediated contributions, simply multiply by as (~ 0.1) or by aw (~ 0.03). A\
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conclusions

ORELD

LN

2 SM UT analysis: provide the best determination of CKM parameters,
test the consistency of the SM (“direct” vs “indirect” determinations) and
provide predictions (from data..) for SM observables
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2 lots of new and updated inputs constantly arriving by experiments and
lattice calculations: however for the moment the SM picture stays solid
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Still open discussion on semileptonic inclusive vs exclusive: is the Vg
puzzle solved? Inclusive V, remains the only outlier..
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2 UTA provides determination of NP contributions to AF=2 amplitudes. It
currently leaves space for NP at the level of 25-30%

D

Q

K

N/ 7
VNN
_

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.
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Statistical approach
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e CKMfitter: Frequentist statistics based on a y? analysis

o x2.: goodness-of-fit under SM (or NP), estimators for Vi

o Ax? (y*-distributed): Confidence Level (CL) intervals

@ Range fit scheme (Rfit) incorporates theoretical uncertainties

@ Theo. inputs: published Lattice papers, with error budgets,
different sources of syst. uncertainty are combined linearly,
using FLAG reports as a guide to sort results
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Rfit Example in 1D, 0+ 1. + Lipeo (Naor = 1)

= Sstat X Eth601 X2 p-value

x> =-2/mL
L.t €xp. data
Liheo: had. inputs
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[cf. Charles, Descotes-G., Niess, LVS '17]
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y?: flat bottom, quadratic walls
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A CKM Process Observables Theoretical inputs A
. [Vad| ot = ot g Wl i - 0.97420 + 0 + 0.00021 Nuclear matrix elements N/
79\ Vs | K — mlv Ve s fet(o) = 0.2165 + 0.0004 FE=m0) = 0.9681 £ 0.0014 + 0.0022 79\
\/ K —ev B(K — ev) = (1.582 + 0.007) - 10~° fx = 155.6 + 0.2 + 0.6 MeV \/
N\ K — pv B(K — uv) = 0.6356 & 0.0011 N
N T — Kv B(r — Kv) = (0.6960 + 0.0096) - 102 N7
N Vus] K — pv/m — pv BUw ) = 1.3367 + 0.0029 i o = 1.1959 + 0.0007 & 0.0029 N
W [Vual B(m — uv) W
D B(r — Kv) B L N
A T—= Kv/t — v 73( =) = (6.438 +£0.094) - 10 A
95 Tol.
gv( Vod] UN e B o 0.230 £ 0.011 gv(
lé D — v B(D — uv) = (3.74+0.17) - 1074 fp./fp = 1.175 4+ 0.001 =+ 0.004 lé
\/ D — mly Veal f277(0) = 0.1426 + 0.0019 fe 0 = 0.621 + 0.016 + 0.012 N\
N |Ves| W — cs |Ves|not lattice = 0.9410-32 +0.13 N
g'( Ds = v B(Ds — v) = (5.55 +£0.24) - 10~2 fp, - 247.8 £ 0.3 + 2.0 MeV g'(
N Ds — pv B(Ds — uv) = (5.39+0.16) - 1073 IN
N/ D — Kfv i ket () = 0.7226 + 0.0034 i (e 0.741 + 0.010 4 0.012 N/
7A\ | Vbl semileptonic B |VublsL = (3.98 +0.08 +0.22) - 1073 form factors, shape functions 7A\
W B — Tv B(B — Tv) = (1.08 +0.21) - 104 fe./fe = 1.205 4 0.004 + 0.006 W
7\ | Vep| semileptonic B |Veb|sL — (41.8+0.4+0.6) - 1073 form factors, OPE matrix elements 7\
< B(A, — ppu v A, — pp b <
\/ Wiy omileploic A (A” i” f)_‘12>15 - (0.947 + 0.081) - 102 C(A” i“ f)_q2>15 — 1.471 =+ 0.096 + 0.290 \V7
A B(Ap = Acp™ V) g257 C(Ap = Acp™ D) 257 A
N7/ «@ B — 7w, pw, pp branching ratios, C'P asymmetries isospin symmetry N7,
\\/ W
% B B — (co)K sin(208) .z = 0.699 + 0.017 subleading penguins neglected %
I\ — \
N cos(23) B DURD cos(2B) = 0.91 +0.25 N
5\ v oL e inputs for the 3 methods GGSZ, GLW, ADS methods 5\
mﬁ bs Bs — J/Y(KK, ) ot s = —0.021 £ 0.031 mﬁ
5\ VieVigr Amy Amy = 0.5065 =+ 0.0019 ps—! BBi/éBd = 1.007 4+ 0.013 4+ 0.014 5\
m#, Amg Amg = 17.757 +0.021 ps ! Bp. = 1.327 £+ 0.016 =+ 0.030 m#,
5\ Bs — up B(Bs — ) = (287971079 [x(1 — 0.063)] fB. = 226.0 + 1.3 + 2.0 MeV 5\
- V5 Vs and £ le k| = (2.228 +0.011) - 10~3 By = 0.7567 +0.0021 + 0.0123 -
%{ V¥ Ves Ke = 0.940 + 0.013 + 0.023 %{
7 black: no change; blue: slight change; red: update since ICHEP'16 N7
> : : >
7\ . - 7\
N7 (colors do not reflect the impact of the exp./theo. input!) X7
N N
g% Luiz Vale Silva (University of Sussex) CKMfitter update 20 Sept. 2018 11 /27 V<¢>
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