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Using the best available experimental data and lattice calculations of scattering lengths of mx
scattering and employing dispersive representation of the amplitude based on Roy equations,
we compute the subthreshold parameters of this process. We use Monte Carlo sampling to
numerically model the probability distribution of the results based on all uncertainties in the
inputs. In the second part of the analysis, employing Bayesian inference, we use the new results
for the subthreshold parameters to obtain constraints on the leading order low energy constant B
in the context of three-flavour chiral perturbation theory.
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Subthreshold parameters of nn scattering revisited

1. Introduction

The nmr scattering amplitude can be written in terms of subthreshold parameters @, Brx, 4i [1]:
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where K (s, 1, u) are unitarity corrections.

In the first part of the analysis we extract the coefficients of the 7 scattering amplitude using
inputs for the scattering lengths from experimental data [2] or lattice QCD [3,4]. The outline of
the procedure is:

a and aO from exp./lattice data + solutions to Roy equations [1, 5]
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The procedure is implemented numerically, with all uncertainties modelled by using Monte Carlo
sampling (5 x 10° samples).

In the second part, employing Bayesian inference, we use the obtained results to extract constraints
on the leading order low energy constant (LEC) By in the context of three-flavour chiral perturbation
theory. The subthreshold parameters @, and 8., can be expressed in resummed ChPT [6] as:

@arn(Fo.Bo) = @) + @) + 60nn,  Prn(Fo.Bo) = B+ B + 6B r. )

The NLO terms contain the ChPT LEC’s L;, which we algebraically reparametrize using chiral
expansions of Fp and Mp. Indirect remainders df,, dpr, are generated. The NNLO LEC’s C; are
implicit in the higher order remainders 6. After the procedure, we have 11 free parameters:

mq’BO?FO9(Sa7T7T’6ﬁ7T7r,6Fﬂa6Mﬂ’6FK’6MK (3)

We use lattice QCD averages for the quark masses from FLAG [7]. For By and Fy, we implement
priors based on paramagnetic inequalities [8]. The assumptions for the remainders are [6, 8]:

0Unn =0Prrs=0.0£0.03, 0, =6pm, =0m =0.0£0.1, 6F =0.1+0.07. “
Finally, it is convenient to express By in terms of the parameter Y (3):
Y(3) = Bo(my + ma) [ My = (Mz°) [ M;,. ()

We implement the Bayesian statistical analysis numerically, using Monte Carlo sampling to obtain
the probability distribution functions (2.5 x 107 samples).
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2. Results

Our inputs for the 7 scattering lengths are by the NA48/2 Collaboration (model C) [2] and ETMC
[3,4]. We compare our results for the subthreshold parameters with Descotes et al. [1], which was
based on E865 data and Colangelo, Gasser, Leutwyler [9], which used an SU(2) ChPT estimate.

We can exclude large values of @, ,. Our results for Y (3) and By are compatible with literature.

NA48/2input | ETM input || Descotesetal. [1] | CGL [9] I;hg';‘:;?;';‘:ﬁ’f]y ‘1{57)

@nn | 1.05420.071 | 0.860%0.108 138420267 | 1.08£0.07 BE free fit [11] 0.94
Brr | 1115£0.008 | 1.051£0.032 1.07720.025 | 1.12£0.01 n—3nl12] | 1442032
Pap 0.17 0.94 023 NA48/2 input | 0.94x0.32

1054, | 3.58£0.65 | -4.19:0.66 4.1820.63 lattice Y0
1074 | 922£0.12 | 871x025 8.9620.12 MILC 09A [7] | 0.84=0.11
1074 | 237£0.16 | 2.0920.19 2.22:0.16 RBC/UKQCD [13] | 0.71£0.10
1092, | 1442002 | -1.3520.04 1382004 ETM input 1.0820.27

Table 1: Our results for subthreshold parameters (in comparison with Table 2: Our results for Y (3),

literature) (in comparison with literature)
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Figure 1: PDF in comparison with prior Figure 2: PDF in comparison with prior

Y(3) =0.94 +0.32
Bo =2.67 = 0.91 GeV

Y(3) = 1.08 +0.27
Bo = 3.08 + 0.77 GeV
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