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Outline

e Semileptonic decays at LHCD.
e Current results and analysis activities.

e Future prospects.
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Excellent reconstruction of charged final states,
while neutrals and missing energy are more challenging.

Well suited to measurements of exclusive semileptonic
decays, to charged final states, of a range of b hadrons.



Suitable observables

e The b cross section isn’t known.
e \We can measure ratios of BFs.

* And normalised differential decay rates.



Operations

LHCDb Integrated Recorded Luminosity in pp, 2010-2018

® 2018 (6.5 TeV): 1.88 /b

. 2017 (6.5+2.51 TeV): 1.71 /b + 0.10 /fb 201 2

° 2016 (6.5 TeV): 1.67 /fb _
2015 (6.5 TeV): 0.33 /fb -
2012 (4.0 TeV): 2.08 /fb 201 6 201 7

& 2011 (3.5 TeV): 111/ fee ................................ ; .................................
2010 (3 5 TeV): 0.04 /fb {2
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The typical signature(s)




The typical signature(s)




The typical signature(s)

Discrimination between decays -
* |solation

* Vertex topology | ./"1'0* :

* Kinematics




The typical signature
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https://doi.org/10.1038/nphys3415

Kinematics

Well known formula for missing 3-momentum using
topological information, but subject to quadratic ambiguity.
Dambach, Langenegger, Starodumov, NIM A569 (2006) 824
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Kinematics

Well known formula for missing 3-momentum using
topological information, but subject to quadratic ambiguity.
Dambach, Langenegger, Starodumov, NIM A569 (2006) 824
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https://doi.org/10.1038/nphys3415
https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1007%2FJHEP02%25282017%2529021&v=b900114f

Kinematic “tag” approach

Stone and Zhang,
Adv. HEP(2014) 931257,

1402.4205. = W N\ ¥ . ..--""7T

2b 2 NolT

We can further impose m(Aort) = m(2y).
Other possibilities, e.g. Bs™ —BK.
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https://doi.org/10.1038/nphys3415
https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1007%2FJHEP02%25282017%2529021&v=b900114f

Let’s see some measurements!
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Nature Phys 10 (2015) 1038 14

Ratio of Vu, and Vcp decays of the Ap

- Detmold, Lehner, Meinel, PRD 92, 034503 (2015)
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https://arxiv.org/ct?url=http://dx.doi.org/10%252E1103/PhysRevD%252E92%252E034503&v=009d9dce
https://doi.org/10.1038/nphys3415

Nature Phys 10 (2015) 1038 15

Ratio of Vu, and Vcp decays of the Ap
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Nature Phys 10 (2015) 1038 16

Ratio of Vu, and Vcp decays of the Ap
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Nature Phys 10 (2015) 1038 17

Ratio of Vu, and Vcp decays of the Ap

B(A) = pp Vu)gesiscev/e |V

B(A) = AFpv,) 257 GeV/c? Veb
(1.00 4 0.04 4 0.08) x 102

= (0.083 = 0.004 = 0.004

Source Relative uncertainty (%)
B(AF — pK*r~) 5
Trigger 3.2
Tracking 3.0
AT selection efficiency 3.0
A} = N*p~ v, shapes 2.3
A lifetime 1.5
Isolation 1.4
Form factor 1.0
A kinematics 0.5
¢® migration 0.4
PID 0.2

7.8
Total Y



https://doi.org/10.1038/nphys3415

PRD 96, 112005 (2017) 18
Form factors of Ap 2 Acuv

Very interesting from an HQET point of view,
but only one experimental study from Delphi. pLB 585 (2004) 63

dl’ _
o= = GK(w)gp(w) W=V 0 - Uyt

Predictions of the form factor slope at zero recoill.

0* Approach Reference
1.354+0.13 QCD sum rules 22
1.2794 Lattice QCD (static approximation) 23]

1.51 HQET + Relativistic wave function |21



https://doi.org/10.1103/PhysRevD.96.112005

PRD 96, 112005 (2017) 19
Form factors of Ap 2 Acuv

First challenge is to subtract Ap = Ac TV
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PRD 96, 112005 (2017) 20
Form factors of Ap 2 Acuv
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2000 [~ —
O i PR T TR T I TN SR TR THN SN TN TN T T NN U S T S |-
1 1.1 1.2 1.3 1.4
w
Shape p? o? correlation coefficient x?/ DOF
Exponential* 1.65 4+ 0.03 2.72 £ 0.10 100% 5.3/5
Dipole* 1.82 £ 0.03 4.22 4+ 0.12 100% 5.3/5

Taylor series  1.63 & 0.07 2.16 &= 0.34 97% 4.5/4



https://doi.org/10.1103/PhysRevD.96.112005

JHEP 09 (2011) 012 “'

Veo plans

Semileptonic width ratios among beauty hadrons

I.I. Bigi, Th. Mannel,” N. Uraltsev®"¢

Abstract

We present predictions based on the heavy quark expansion in QCD. We find SU(3)
breaking in B mesons suppressed in the framework of the HQE. B; is expected to have
the semileptonic width about 1% lower and A, about 3% higher when compared to 'y (B;).
The largest partial-rate preasymptotic effect is Pauli interference in the b— w fv channel
in Ay, about +10%. We point out that the €2, semileptonic width is expected not to
exceed that of B; and may turn out to be the smallest among stable b hadrons despite
the large mass. The underlying differences with phase-space models are briefly addressed
through the heavy mass expansion.
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Veo plans

L'(A) = XepvX) =715 x BF(B — X uvX)(1 +6)
0 =(3+1.5) X 104
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Veo plans

in Ay, about +10%. We point out that the (), semileptonic width is expected not to
exceed that of B, and may turn out to be the smallest among stable b hadrons despite
the large mass. The underlying differences with phase-space models are briefly addressed




PRL 121, 092003 (2018) 24

(). lifetime study, with Qp, = Qcuv
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https://doi.org/10.1103/PhysRevLett.121.092003

PRL 121, 092003 (2018) 25

(). lifetime study, with Qp, = Qcuv
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https://doi.org/10.1103/PhysRevLett.121.092003

PRL 121, 092003 (2018) 26

(). lifetime study, with Qp, = Qcuv
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https://doi.org/10.1103/PhysRevLett.121.092003

Future synergy with Belle and BES

Huge potential for LHCb to measure form-factors
and |Vuo|/|Veb| ratios with a range of b hadrons.

The full exploitation requires knowledge of the
charm hadron branching ratios.

E.g. BF(Ac =?pKm) was the dominant experimental
source of uncertainty in Nature Phys 10 (2015) 1038

Rumours of BEPC plans to reach =c=c threshold.
Hai-Ping Peng slides @ICHEP2018.
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https://indico.cern.ch/event/686555/contributions/2982787/attachments/1683001/2704644/ichep-2018-penghp.pdf
https://doi.org/10.1038/nphys3415

B decays with Bs** tag
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https://doi.org/10.1103/PhysRevLett.110.151803

Application to B—>D0O)uv
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https://cds.cern.ch/record/2632773
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https://cds.cern.ch/record/2632773

Purely leptonic: B—=uuuv

(+p,w interference)

Naive expected BF ~ 10-8

Vector dominance prediction of 1.3 x 10-7
Danilina and Nikitin, Phys. Atom. Nucl. 81 (2018) 34.
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Candidates / (50 MeV/c?)

LHCb-PAPER-2018-037

Purely leptonic: B—puupv in preparation

160 " a0 Mav o -
£ Min(my.y-) < 980 MeV, Total Fit .
140 LHCb Combinatorial S
120 Ff4 + Preliminary Misid —
s PartReco -
100 o emeaa Prediction from E
30 |- 1 PAN (2018) 81:347 =
60 95% C.L. U.L. of 1.4x10-8 ~
40 el -
20 3 -
: P D . T o o e ™ 0 b o

4000 5000 600 7000

Corrected utu—u* mass [MeV/c?]

33


http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2018-037*&f=&action_search=Search&c=LHCb+Publication+Drafts

Evidence from Belle

B(B~ — ppuv.,) = (3.1
PRD 89, 011101 (2014)
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Bs decays

Strong motivation from LQCD to measure

Vel 2 dINdq’ |ps'GeV?|
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Recent dedicated
study on the ratio.

Monahan et al.,
1808.09285
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Progress towards Bs— Kuv/Bs— Dspuv

0.06—
§ LHCb simulation
005~ Analysis in progress with 3/fb of Run-I date
. B,2Ku'v
0.04:.— 8‘—)J/\,I(.u i )K*
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oorf-
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Similar idea to puv/Acuv, but backgrounds larger.

Target two g2 bins across the full range.

See Marta Calvi’s talk at Challenges in Semileptonic B Decays
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https://indico.mitp.uni-mainz.de/event/129/session/2/contribution/17/material/slides/0.pdf
https://indico.mitp.uni-mainz.de/event/129/

Longer term aspirations for differential measurement
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https://arxiv.org/ct?url=http://dx.doi.org/10%252E1007/JHEP02%25282017%2529021&v=b900114f

Towards Bs = Ds() form factors
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PRL 119, 101801 (2017)

Measurement of Bs - Bq lifetime
difference, and Tps.
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https://doi.org/10.1103/PhysRevLett.119.101801
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The long term future prospects

current LHCb » Upgrade | » Upgrade ll—»
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m CERN/LHCC 2018027
o PUB-2018019

““(\A‘i\) 27 August 2018

Physics Case
for an
LHCDb Upgrade Il

P 0.
T 74 N

Opportunities in flavour physics, and
beyond, in the HL-LHC era
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The Upgrade |l detector
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Phase-I1 Upgrade

* Fast timing to suppress pileup.
* Higher granularity and radiation hardness.
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The VELO and the RF foil

42
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The VELO and the RF foil




Effect of improved corrected mass resolution?
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Low momentum particle ID

Smaller LQCD uncertainties at low g2
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Low momentum particle ID

Smaller LQCD uncertainties at low g2
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Low momentum tracking

The [Bs™ =BK, 2,7 etc...] approach is statistically
challenging, which isn’t helped by losing many tagging
kaons in the magnet.

Upstream track
IS

VELO Long track

Downstream track /

T track

T

VELO track

Magnet stations boost the useable acceptance by 60%.



Outlook

Exclusive b — {c,u}uv decays are an area with really interesting
synergies between LHCb with Belle(-Il).

Exciting to think about all of the measurements with unexplored
decays and observables that can go into future figures like this:
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Backup slides follow from here...
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Figure 5: Missing-mass distribution for data and estimated background contributions in the
(left) same-sign kaon sample and (right) opposite-sign sample. The other background decays
include contributions from misreconstructed backgrounds, and semileptonic decays of E(s) and
Ag mesons. The remainder of the SSK sample not from BP or other background decays is used
to define the background contribution from B~ semileptonic decays. This is then extrapolated
to the OSK sample, where the remainder is composed of signal. The background distributions
are stacked.
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