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Semileptonic asymmetries
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I'B—B— f)+I'(B— B—f)

Ag] =

SM predictions’?
as®=(2.22 + 0.27) x 10
as = (-47 + 06) X 104

u.c,t

1. Lenz & Nierste, JHEP 06 (2007) 072. 0612167

2. Artuso, Borissov & Lenz, RMP 88 (2016) no.4, 045002 1511.09466

Mika Vesterinen, University of Oxford


https://arxiv.org/abs/hep-ph/0612167
https://arxiv.org/abs/1511.09466

Landscape without LHCDb

0001 o
7
< i
0 N\ __.....Theory x 10
001
i D .
_U le ¥ dVETIAZE
m B factory
[ | Summer 201 average
| | | | | |
002 001 0 001 002
Ag (BY)

Note that the DO dimuon asymmetry really sits in a 3D space of as?®, as®and Al¢/Tq.
10.1103/PhysRevD.87.074020, PRD 89, 012002 (2014) (U. Nierste pointed out (CKM 2014) that the Al'4 correction was overestimated).
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http://arxiv.org/abs/1310.0447

Complications

This observable requires flavour tagging:
I'B—+B— f)-TI'(B— B—f)

Ag] — —

I'(B—B— f)+I'(B— B—f)

Luckily we don’t actually need tagging:
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Complications

This observable requires flavour tagging:
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Luckily we don’t actually need tagging: '
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Accounting for the production asymmetry.

Mika Vesterinen, University of Oxford



Complications
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Accounting for the production asymmetry.
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A simplification

The fast Bs oscillations permit a simple
untagged time-integrated approach for ag .
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Detection asymmetries

Detector misalignments”

Nuclear interactions
o(K~N)
*The ability to reverse our magnet field is crucial in controlling O- (K —I_ N)

the systematic uncertainties associated to this source.
LHCb-PUB-2014-006

~ 1.3
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https://cds.cern.ch/record/1642153

The kaon asymmetry

Method using combination of CF charm decays:
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Still the single largest source of uncertainty for ag°.
The specific limitation is our yield of D* = Ksrrt decays.

Completely new method in the pipeline for Run-Il.
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Backgrounds

Measurement of as® based on Bs—>Dsqu.
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However, many sources of DsuX, e.g: DDX, DsKX etc...

Background fraction | (18 + 6)%
Correction to ag® (-0.04 + 0.06) x 102
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http://10.1103/PhysRevLett.114.041601

Corrected mass
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Corrected mass
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Corrected mass
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Future analyses could fit this distribution to subtract
these backgrounds directly...

Mika Vesterinen, University of Oxford

14



The LHCb Run-l results

ag = (—0.02+£0.19£0.30)% a2 = (0.39 & 0.26 + 0.20)%

PRL 117, 061803 (2016) PRL 114, 041601 (2015)

Contributions
to error?.

Y&Z
20% \  36%

For measurements with Run-Il and beyond, it is possible that we can scale
statistically without hitting any systematic limit if we develop more sophisticated
treatment of the (i) backgrounds and (ii) detection asymmetries.
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http://dx.doi.org/10.1103/PhysRevLett.117.061803

After LHCb Run-|
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PRL 117, 061803 (2016)
PRL 114, 041601 (2015)
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The true b factory
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While we can’t easily disentangle production and decay,
we can measure decay rate ratios and/or shapes.

Mika Vesterinen, University of Oxford 17



Nature Phys. 10 (2015) 1038

First exploitation

Measure the ratio

Vw|* _ B(Ay— ppv,)
Va|?  B(Ay)— Afpv,)

Lattice inputs for Rrr, e.g. for the Vup mode:

2.5

Detmold, Lehner, Meinel,PRD 92, 034503 (15)
Ay —pu v,

| | | |
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Nature Phys. 10 (2015) 1038

Our favourite variable
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Nature Phys. 10 (2015) 1038

Impact of /A, analysis

= 0.083 & 0.004(expt) =+ 0.004(lattice)

36 38 40 42 A4
Veo| X 103

Precision already comparable with B meson based exclusive
determinations, and complementary parametric dependence on
different operators, e.g. RH currents.

Mika Vesterinen, University of Oxford 20



LHCb-PAPER-2017-016

Exclusive A, 2 A v study
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Shape p° o* correlation coefficient x?*/ DOF
Exponential* 1.65 = 0.03 2.72 = 0.10 100% 5.3/5
Dipole* 1.82 = 0.03 4.22 = 0.12 100% 5.3/5
Taylor series 1.63 = 0.07 2.16 £ 0.34 97% 4.5/4

Consistent with predictions of HQET, sum rules, and
relativistic quark model.
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http://dx.doi.org/10.1038/nphys3415

V| itself.. surely not?

A possible strategy is to measure the ratio:

BF(Ay — Acuv)
BF(Ay — [A X, DX, ... |uv)

R —

Isn’t there a |Veb| in numerator and denominator?

Relate the denominator to the measured lifetimes of the A and
B, and the measured SL decay width of the B, and assume the
equality of SL decay widths of all b species. E.g., Bigi et al.,

1105.4574

Mika Vesterinen, University of Oxford
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https://arxiv.org/abs/1105.4574

Other SL decays with muons

Great prospects for |Vub|/|Veo| determination with Bs— (K/Ds)uv
From: UKQCD/RBC PRD 91, 074510 (15)
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More challenging than Av = ppuv, but we’re working hard on it,
so stay tuned.

Endless possibilities, e.g. b= pppv, b = ¢uv, b—IvKKX,
b—ppuv, various Bc decays..., other b baryons...

Mika Vesterinen, University of Oxford
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JHEP (2017) 2017: 21

How differential?

For decays with a single missing particle, we get a quadratic
equation for the b momentum. Can we do better than a random

choice of solutions? 100 f————r
— 0
X 9 * Ping
g2 9071 * Py
S 85} . .
ER Simulation of
% - = 751 Bs = Kuv example

£ 70f

Simple unbiased < 65

regression approach g

based only on flight  * ;_5)

information. 0 2 4 6 8 10 12 14 16 18 20 22
q? [GeV?]

Once luminosity/statistics allows, we can roughly double the

number of bins in g? for the same bin purity!
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https://arxiv.org/abs/1611.08522

Tree-level LFU tests

Vl

B(B — DY rp)

R(D™) = Z
b z

SM predictions’? 5° O O Dm
R(D) = 0.300 + 0.008 EE—

R(D) = 0.252 + 0.003
Experiment

R(D’) = 6% precision

[BaBar, Belle, LHCb] combined [R(D), R(D*)] is 40 from the SM.

|. Fajfer, Kamenik, Nisandzic, PRD85 (12) 094025
2. Bigi, Gambino, PRD94 (16)
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At LHCb

NEW
Leptonic Three-prong hadronic
PRL 115, 111803 (2&)15) 1708.08856 (2017)_|.r |
vV V TT
V V
T BF ~ 18% T BF ~10%

First ever analysis of this mode!

These signals are abundant, but they have soft signatures that
are subject to huge backgrounds.
Common strategies: kinematics, isolation, (and T flight).

Mika Vesterinen, University of Oxford


https://arxiv.org/abs/1708.08856
http://dx.doi.org/10.1103/PhysRevLett.115.111803

PRL 115, 111803 (2015)

Muonic analysis

Fit in 4 coarse g2 bins, M2miss, and E,.

Here is the m?miss projection in the highest purity g2 bin:
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B

Three-prong analysis

The signal

F'O D

9

1708.08856 (2017)

Mika Vesterinen, University of Oxford
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https://arxiv.org/abs/1708.08856

B

1708.08856 (2017)

Three-prong analysis

The first background

B/S ~ 100

9

Mika Vesterinen, University of Oxford
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https://arxiv.org/abs/1708.08856

Three-prong analysis

D*3nX almost entirely eliminated
by harsh requirement on T flight
signhature.

The signal again

1708.08856 (2017)

Mika Vesterinen, University of Oxford
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https://arxiv.org/abs/1708.08856

1708.08856 (2017)

Three-prong analysis

“Charm carrier” mimics the T
flight, but B/S ~ 10 at this
stage...

“Double charm”

Mika Vesterinen, University of Oxford 31


https://arxiv.org/abs/1708.08856

1708.08856 (2017)

Taming the double charm

First we must control the Ds =#3rX modelling...
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https://arxiv.org/abs/1708.08856

Taming the double charm
Then the B =2D*DsX modelling..

1708.08856 (2017)
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1708.08856 (2017)

Three-prong fit

LHCb

3D fit in g, T lifetime,
and a MVA discriminant..
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Three-prong fit
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1708.08856 (2017)
PRL 115, 111803 (2015)

Status and prospects
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In the pipeline from LHCb: R(D™*), R(D*9) R(Ds")),
R(AY), R(J/P), R(pp), R(p), etc...

Mika Vesterinen, University of Oxford
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Tree-level e-u tests

From Greljo, Isidori, Marzocca 1506.01705

O
Charged currents. The b — ¢(u)7v charged currents should exhibit a universal enhancement

independent of the hadronic final state). This implies, in particular, Rg., = R3" = R)).
LFU violations between b — c(u)urv and b — c(u)ev can be as large as Of 1%) The
mclusive |Vg| and |Vy,p| determinations are enhanced over the exclusive ones because of
the 7 contamination in the corresponding samples.

Belle:  Rep= 0.995 + 0.022tat + 0.039syst

Proposed approach at LHCD:

n _ BsD™ev/B5D™)
M T DS Kev /DO K v

Tentative goal with Run-1 data: 6Re, = few x 103

|.Belle, 1510.03657 (2015)

Mika Vesterinen, University of Oxford
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http://arxiv.org/abs/1510.03657
https://arxiv.org/abs/1506.01705

Conclusions

Many interesting and unique LHCb results
with semileptonic decays, and plenty more to
look forward to!

Mika Vesterinen, University of Oxford
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Backup slides start here...



Three-prong R(D*) systematics

Source SR(D*")/R(D*")[%]
Simulated sample size 4.7
Empty bins in templates 1.3
Signal decay model 1.8
D**1v and D¥*Ttv feeddowns 2.7
D} — 37X decay model 2.5
B — D*DfX, B— D**D*X, B— D*” DX backgrounds 3.9
Combinatorial background 0.7
B — D*~ 3w X background 2.8
Efficiency ratio 3.9
Total uncertainty 8.9

Mika Vesterinen, University of Oxford
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Partial reconstruction method

DOdecay vertex K

Primary vertex

N\

_
/

=

ldea is to reconstruct the decay without requiring a full “long” track for one D° child. The kinematics
can be fixed if this track has a direction determination from the VELO. We can then probe the detection
asymmetries for the remainder of the tracking system. Method also works with K3pi decays. The 2
body D mode required new dedicated HLT lines which were introduced for Run-II.

Mika Vesterinen, University of Oxford 41




