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1. Introduction

Many precision tests of the Standard Model (SM) and someqgsalp regarding stringent
constraints on New Physics (NP) generalisations of the Sidie accurate studies of processes
in the b-quark region. Experimental measurements on the leptogday$B — TV, and B?s> —
utu~ need precise input information of the pseudoscalar decagtantsfg and fgs from lattice
computations. NeutraB-meson oscillations are described, in the SM, by a single-fienmion
operator whose matrix element (bag parameter) can be datatrim lattice simulationsB-meson
mixing, besides its crucial role in the Unitarity TriangléT) analysis, can provide important clues
for detecting NP effects. The knowlegde of the values of tg frarameters of the complete four-
fermion operator basis is required to obtain predictioreualthe NP scale for physics beyond the
SM.

In these proceedings we report on computations of a numbBrpbfysics hadronic observ-
ables performed within the European Twisted Mass Collatmr§ETMC). We have computed in
the continuum limit, by making use of data at four values efltttice spacing, the value of the
guark mass, the pseudoscalar meson decay consfgaisg fgs as well as their ratio. Moreover we
have determined the bag parameters corresponding to tHedufermion operator basis, as well
as other interesting phenomenological quantities dikend qu\/@ (i=1,...,.5andq=d/s).
For a more detailed discussion of methods and results osthiy the reader is referred to a re-
cent ETMC publication [1] as well as to [2, 3]. First ETMC rétsuof the b-quark mass using
N = 2+ 1+ 1 gauge ensembles can be found in [4].

2. Lattice setup and computational details

We have employetll; = 2 dynamical quark gauge configurations generated by ETMG-([5
[7]) using Wilson twisted mass action tuned to maximal tj#$tat four values of the inverse bare
gauge couplingf3. The lattice spacing values lie in the interval [0.05, Orh] fLight quark mass
values of the degeneratgd quark produce light pseudoscalar mesons (“pions") in thgg280<
mps < 500 MeV. We recall that the maximally twisted fermionic actioffers the advantage of
automatic @a) improvement for all the physical observables computed erattice [8]. Strange
and charm quarks are treated in the quenched approximatienhave computed 2- and 3-point
correlation functions using valence quark masses whoggrarextended from the light sea quark
mass up to 2.5-3 times the charm quark mass. The values dfthieshlence quark mass are set
equal to the light sea ones. Renormalised quark massestarended from the bare ones using
the renormalisation constant (RZ) = Z51t, uR = pbae/z,. TheZp values have been computed
using RI/MOM techniques in [9]. Details of the ETMC determtiions of light, strange and charm
guark mass usinlyls = 2 gauge ensembles are given in [10].

We have employed smeared interpolating operators in catibmwith APE smeared gauge
links to compute 2- and 3- point correlation functions. Widspect to the local fields the use
of smeared ones reduce the overlap with the excited statemareased the projection onto the
lowest energy eigenstate. We are able thus to extract Hegtymeson masses and matrix ele-
ments at relatively small Euclidean time separations. Maege as it is shown in [1], even better
projection onto the ground state is achieved by employirigesat combination of smeared and lo-
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cal interpolating fields. The optimal linear combinatiordetermined by tuning the superposition
parameter.

3. Computation of theb-quark mass and decay constantdg and fgs

For the determination d8-physics observables for which the asymptotic behaviokn@vn
from HQET, it is in general possible to use the ratio methastcdbed in ([1] — [3]). We briefly
recall the computation for the-quark mass. HQET suggests that in the static limit the hdigty
pseudoscalar meson mass obeys

lim (th/uﬁo'e) = const (3.1)
M;])ole_}Oo
We consider a set of heavy quark massﬁﬁn,ﬁff),--- ,HE]N)) having a fixed ratioA, between

any two successive valueﬁaf]”) = )\H,(]r‘*l). Throughout this work the “overline" notation for the

quark masses denotes that they are renormalised M8wcheme at 3 GeV. We construct properly
normalised ratios namely(Hf]m,)\;m,a), of the quantity in the lhs of Eq. (3.1) at nearby values
of the heavy quark mass. Taking the static and continuunt 6meé gets the exact equation

lim lim y(at",A;,,8) = 1. (3.2)

Hy—oa—0

At each value oﬁr(]”) we perform a combined chiral and continuum fit on the ratiosxtoact the
quantity y(,,) = y(Hh,)\;Hu/d,a: 0). Discretisation effects in ratios are well under contral. |
Fig. 1(a) we show the data and the fit for the ratio that comedp to the largest simulated pair of
the heavy quark mass values. We describe the dependence waitithy(f1,,) on [}, using the fit
ansatz

— n n2
=14+ —=—+=, 3.3
y(Hp) T (3.3)

in which the constraint liy, . y([;,) = 1 is implemented. The fit parameters could be, in general,
functions of lodf,,). However in the range of the currently explored heavy quaakswalues this
logarithmic dependence can be safely neglected. Data aan@ fghown in Fig. 1(b). The final step
consists in determining thequark mass value from ttehainequation

K Mhu/d(ﬁr(]KH)) _ p(H.ﬂ”,u)
Muya(@)  Lp@Ee ™, u)

yED)y@®) .. y@i )y =2

(3.4)

where the functiorp(H,ﬂ”),u), that is known up to RLO in perturbation theory, relates théS
renormalised quark mass (at the scalquct 3 GeV) to the pole mass;u,ﬁ’o'e = p(Hp, L) TR (1).
In Eqg. (3.4)A, K andﬁél) have been chosen in such a way tNaL/d(HE]KH)) coincides with

the experimental value of thB-meson mass\Wig = 5.279 GeV. The quantit/q (H,(]l)) is the
result of the combined chiral and continuum fit of pseud@scaleson mass values evaluated at
the reference heavy quark maspzﬁ,l), that lies close to the charm quark mass. mﬁ;l),)\) =
(1.05 GeV, 1.1784), Eq. (3.4) is satisfied fok = K, = 9. Theb-quark mass in th#1S scheme at
3GeVis

my(My, MS) = 4.29(9)(8)[12] GeV, (3.5)



B-physics computations from N= 2 tmQCD P. Dimopoulos

where the first two errors are statistical and systematgpeastively. Adding them in quadrature
gives the total error in the square brackets. Having cdledl¢he value of thé-quark mass, we
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Figure 1: (a) Combined chiral and continuum fit of the ratio of heaghti pseudoscalar meson mass for

our largest value of the heavy quark mass (empty black dsder estimate at the physiagld quark mass
in the continuum limit). (by(f,,) against Y[, using the fit ansatz (3.3x¢/d.o.f. = 0.3).

follow analogous strategies to compute the heavy-strasgadoscalar decay constafys, and the
value of the ratio of the heavy-strange and the heavy-ligitg constantsfgs/ fz. We then get
our estimate for the heavy-light pseudoscalar decay conBtam fzg = fgs / (fgs/ fg). Statistical
errors are estimated using the bootstrap method. Our sesalt

fas = 228(5)(6)[8] MeV, fg = 1894)(7)[8] MeV, fgs/fz = 1.206(10)(22)[24.  (3.6)

As a byproduct of our analysis we obtain the values of the ¢issalar decay constants for the
andD mesons as well as for their ratio:

fos = 250(5)(5)[7] MeV, fp = 2084)(6)[7] MeV, fps/fo = 1.201(7)(20)[21] 3.7)

Error coding is as in Eq. (3.5).

4. Computation of bag parameters and¢

TheAB = 2 effective weak Hamiltonian in its most general form reads

12 13 .-
%%5:2 =7 -Zcﬁi + 7 -Ziq 0, (4.2)
with
01 = B vu(1—)a?) B vu(1— ) dP], 0= b7 (1— 16)q?)[B° (1 - ys)cf],
03 = B (1- I (1— )], Oa= B (1—6)q"]B° (1+ 1)),
05 = [0 (1- ) PIB° (1+ y6)a), 61 = [0 yu(1+ y6)a®) 67y (1+ 1) ]
7 = BT (1+ )0 1+ w)ef], G5 =B (1+ )| (1+ y)o]. (4.2)
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In Egs (4.2)g = dors, a and 3 denote color indices and spin indices are implicitly cocted
within square brackets. The Wilson coefficie@sandC; have an implicit renormalization scale
dependence which is compensated by the scale dependemeerenhbrmalization constants of the
corresponding operators. The parity-even parts of theabpexd; and &; are identical. Due to
parity conservation in strong interactions it is sufficismtonsider the matrix elements where only
the parity-even components of the operatérsenter. In the SM only the matrix element of the
operator?; enters. The bag parameteBs(i = 1,...,5), are defined through the equations

(BSlO1(k)[BY) = %1BYY (1) m3, 12, (4.3)

0 mg, fa, 2
BalOi(IBg) = 6B () [
with 4 = (8/3, —=5/3,1/3, 2,2/3). We have used a mixed fermionic action setup to evaluate
the four-fermion matrix elements as it offers the advantdige matrix elements are at the same
time O(a)-improved and free of wrong chirality mixing effects [11Jod-fermion RCs have been
computed using RI/MOM techniques in [12].

Since in the static limit each of the five bag parameters isnstemt, we can apply the ratio
method adopting a strategy analogous to the one used fdrdoark mass. For more details on
the computation of ratios of bag parameters the readeresresf to Ref. [1]. In Table 1 we report
our results in théVlS scheme of Ref. [13] at the scale of theuark mass.

fori=2,...,5 (4.4)

| (MS, my) |
o8’ [ 8 | 8P | 8 | B |
| 0.85(3)(2)[4]] 0.72(3)(1)[3] | 0.88(12)(6)[13]| 0.95(4)(3)[5] | 1.47(8)(9)[12] |
e [ & [ e [ & | e |
|

0.86(3)(1)[3] | 0.73(3)(1)[3] | 0.89(10)(7)[12]| 0.93(4)(1)[4] | 1.57(7)(8)[11]|

Table 1: Continuum limit results foBi(d) andBi(s) (i=1,...,5), renormalized in th#1S scheme of Ref. [13]

at the scale of thb-quark mass. Error coding is as in Eq. (3.5).

We also apply the ratio method to compute the SU(3)-breakaitios B(ls> / B(ld> and the im-
portanté = (fgs/ fa) (B(ls)/B(ld))l/2 parameter. In Fig. 2(a) and (b) we display the dependence on
the inverse heavy quark mass of the appropriate ratioB(ﬁ)/fB(ld) and¢, denoted ag,(H;,) and
(s (Hy,), respectively. FoB(ls) / B(ld) and¢ we obtain (see Ref. [1] for details)

B(Y /B = 1.007(15)(14)[21], & = 1.225(16)(26)(31]. (4.5)
Our results for the quantitiefgq/ Bi(q> (i=1,...,5andg=d/s) can be found in Table 4 of Ref. [1].

5. Model-independent constraints om\B = 2 operators and NP scale from UTA

The NP generalisation of the UT analysis is carried out byuing matrix elements that,
though absent in the SM, may appear in the theoretical parisat@n of various observables in
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Figure 2: {w(Hy,) and g (Hy,) against ¥, are shown in panels (a) and (b), respectively. For both cases
the fit function has a polynomial form of the type given by E}3] (blue curve). In both panels a fit of the
form {(f,,) = 1+ n /0y is also performed (black dashed straight line). The vdrhitack thin line marks

the position of ¥11,,.

extensions of the SM. We employ our unquenched lattice QGDltsefor the bag parameters of the
full basis of theAB = 2 four-fermion operators to update the UT analysis beyoadii presented
in Ref. [14]. The effective weak Hamiltonian, Eq. (4.1), er@ameterized by Wilson coefficients of
the formG;i(A) = (F Lj)/(A?) with i = 2,...,5. We denote by the (generally complex) relevant
NP flavor coupling, by a (loop) factor which depends on the interactions that gge€r(A), and

A is the scale of NP, i.e. the typical mass of new particles atewj AB = 2 transitions. Hence,
the phenomenologically allowed range for each of the Wilsoeifficients can be translated into a
lower bound om\. Other assumptions on the flavor structure of NP correspmdiferent choices
of the R, functions.

Following Ref. [14], we derive the lower bounds on the NP ecaby settingL; = 1 which
corresponds to strongly-interacting and/or tree-levelpbed NP. Two other interesting possibilities
are provided by loop-mediated NP contributions withproportional to eithem? or a,. The
first case corresponds for example to gluino exchange in thamal supersymmetric SM, while
the latter applies to all models with SM-like loop-mediatedak interactions. To obtain a lower
bound onA entailed by loop-mediated contributions, one simply hamtdtiply the bounds we
quote below byas(A) ~ 0.1 or aw ~ 0.03, respectively.

Our analysis is performed (as in [14]) by switching on oneffacient at a time in each sector,
thus excluding the possibility of having accidental calatglns among contributions of different
operators. Thus in the case of accidental cancellationbdbheds will be weaker.

In Tables 2 and 3 we collect the results for the upper boundlaeqﬁ:iBﬂ and|CiBS| coefficients
and the corresponding lower bounds on the NP stal€he superscripBy or Bs is to remind that
we are reporting the bounds coming from g and Bs-meson sectors we are here analyzing.
In the present analysis both experimental and theoretigalts have been updated with respect
to Ref. [14] (see Ref. [15]). The constraints on the Wilsoefficients of non-standard operators
and, consequently, on the NP scale turn out to be significambire stringent than in Ref. [14], in
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particular for theBg sector. Comparing with the results of the UT—analysis in [R2], we notice
that (at least for generic NP models with unconstrained flagtructure) the bounds on the NP
scale coming fromk°—K° matrix elements turn out to be the most stringent ones.

95% upper limit  Lower limit oM\ 95% upper limit  Lower limit on\
(GeVv?) (Tev) (GeV2) (Tev)

c|  47.10°%2 46-10° IC*| 56.-10 11 1.3-10%

c¥|  30-1013 1.8-10° IC5|  49.1012 45.10°

c¥|  11.1012 9.5.1(% |CcBs 18-10°1 2310

C|  95.10°14 32-10° ic|  16-1012 7.9-10

c|  27.10°18 1.9-10° ICP|  45-1012 4.7-10°
Table 2: 95% upper bounds for th|€in| coef- Table 3: 95% upper bounds for th|€,Bs| coef-
ficients and the corresponding lower bounds on ficients and the corresponding lower bounds on
the NP scale/\, for a strongly interacting NP the NP scale/, for a strongly interacting NP
with generic flavor structurd(=F = 1). with generic flavor structurd(=F = 1).
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