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Intro & Motivation

[1407.1032]
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Be(18S) state well established at 6275 MeV.

Model predictions: M (B.(2S5)) in range [6830, 6890] MeV

ATLAS identifies a structure at 6842(4)syst(5)stat MeV.
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Intro & Motivation

[1712.04004]

Candidates/ (28 MeV/c?)

Despite much higher B, yield, LHCb sees no evidence of a state.
The LHCb and ATLAS results are compatible only in case of very large (unpublished)
relative efficiency of reconstructing the BS(28)+ candidates with respect to the B}
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signals for the ATLAS measurement.
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Intro & Motivation

B. meson studies at the LHC:

e Lifetime measurements
[1401.6932, 1411.6899)]

e Hadronic decays
[1304.4530, 1407.2126, 1408.0971]
¢ Semileptonic form factors R(B. — J/v) [1711.05623]

e Excited states

Using ‘heavy-HISQ’ formalism can access precise B, physics:
e Ground state masses and decay constants [1207.0994]
e Semileptonic form factors [1611.01987]
e Excited states?
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Outline

1. Intro & Motivation

2. Methodology
» Heavy-HISQ approach

» Improved NRQCD
3. B.(2S5) results

4. Summary & Outlook
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MILC ensembles [1004.0342, 1212.4768]

e HISQ fermion action.

e Symanzik-improved gauge action, takes into account
O(Nyasa?) effects of HISQ quarks in sea. [0812.0503]

e Multiple lattice spacings down to ~ 0.045 fm.

e Effects of u/d, s, and ¢ quarks in the sea.

e Multiple light-quark input parameters down to physical
pion mass.

» Chiral fits.
» Reduce statistical errors.
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MILC ensemble parameters

0.14

0.12

0.1

2 2
< / GeV
(]
o
o0

g 0.06

0.04

0.02

'MILC HISQ, 2+1+1 @

[ ] L] °
[ ]
L] [ ®
- o . ° ° i

0 0.005 001 0015 002 0.025

a® / fm?

0.03

7/18



Heavy HISQ strategy for b physics

e Use a heavy valence mass h as a proxy for the b quark.

e Work at a range of my, with am. < amj, < 0.8 on each
ensemble. On sufficiently fine ensembles, my, is near to mg.

e Map out (physical) dependence on M, , remove
discretisation effects ~ (amy,)?" using information from
several ensembles. Evaluate result at M, .
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NRQCD

Heavy quark propagators are calculated using a non-relativistic
formalism.

Improved Non-relativistic QCD action
e Accurate through O(asv?).
e Discretisation corrections through O(asv?a?p?).
e v2 ~ 0.1 bottomonium, ~ 0.3 charmonium.

e am > 1 — b quarks on a = 0.15 — 0.06 fm (down to my/2
on a = 0.15 fm).

Propagators constructed via an evolution equation,
G(x,t+a) = e Hei G(x, 1) .
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NRQCD
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Results
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B.(1S) from heavy HISQ

e Calculate the mass difference of H, to average of associated
heavyonium states:

Apnn = My, — (My, + My,)/2

e Gives a very precise lattice result. Main uncertainties are
from missing em and annhilation effects, ~ —6(6) MeV.
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B.(1S) from heavy HISQ
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B. 25 — 1S splitting

e Improved NRQCD

» Three ensembles (m;/m, = 1/5) with a ~ 0.012,
0.09, 0.06 fm.

» Local sources plus one (or more) Gaussian smearings.

e Heavy HISQ

» Three lattice spacings a =~ 0.09, 0.06, 0.045 fm with
my/ms = 1/5, additional a ~ 0.09 fm ensemble with
my/ms = 1/10.

» amy < 0.8 (except for amy = 0.9 point on 0.045 fm
ensemble, just beyond my,).

» Only random wall sources at present (no smearing).
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B. 25 — 15 splitting, NRQCD result
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B. 25 — 1S splitting
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Summary & Outlook

e Identification of ATLAS peak as B.(295) is disfavored by
available lattice data.

e Adding smearing in the heavy-HISQ calculation will reduce
uncertainties and help clarify the situation.

e Calculation of B}(2S) energy may also be useful.
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Thank you!
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Topology

Topological “freezing” observed in MC time series of ultrafine
(a ~ 0.045 fm) ensembles.
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The effect of fixed topology on masses and decay constants was
analysed using xPT in [1707.05430].



Topology [1707.05430]

Percentage error in a heavy-light (Hq) decay constant:
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