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Introduction

Main goals for semileptonic decay measurements in LHCb:

Cross section for b

b production

Hadronisation stud

ies: b (B4%/B*/By//N\p) fractions

Exclusive semileptonic decays (Cabibbo favoured/ Cabibbo suppressed):

e Composition of the inclusive semileptonic width, form factors &
CKM parameters: HQET tests beyond the BY/B.

e Fven Cabibbo suppressed decays are no longer rare at the LHC.

Semileptonic asym

metry, Afs
@CKM2010:

b-cross section measurement from semi inclusive b—=D°Xu-v,
measurements of b—=D*/DyAc Xy~ decays, and a first look at neutrino

reconstruction @ L

LHCH <
™ \ _

HCb.
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a (nb)

b Production Characteristics

Tevatron

s (TeV)

LHC

10° £

Gluon-gluon fusion is prominent production
mechanism. B
If gluons do not have equal momenta, pp
system can have significant momentum and

go forward in the CM. o

Both b-quarks will go
in the same direction.

All b-hadron species produced
B4, Bs, B¢, B, Ay, 2, =b, ...

o (bb) = 284 & 20 &+ 49 pb @ /s = 7 TeV

rLach
\ ! )

LHCb ICHEP2010
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The LHCDb Detector

RICH Detectors

Particle ID Muon System

Ma MS

Sm

i
5"’?‘ HCAL

Vertex ol N\ "l‘.l RICH2 1"'(“'
Locator ... .. ¥ Y
VELO\ 3\ | I

Froton ¢y lision, e
beam point’ - oo oL Ul e L

-5Sm

Tracm ng 10m . I5Sm 20m Z
i Calorimeters
stations

e LHCb deals with overwhelming QCD background with 3-level trigger.
e For semileptonic decays we can trigger as low as pT(muon)~1GeV
(much lower than Tevatron)
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LHC Performance

Exponential increase
instantaneous luminosity at
the LHC since Jan.

Current Luminosity of
1x10°" cm?s™!

3.2 pb! collected by LHCb
with a 91% data taking
efficiency (Sep 1)

LHCDb Integrated Lumi over Fill Number at 3.5 TeV |
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B Reconstruction

\
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Fundamental: Vertex reconstruction. -l }
. . . |
e Separation of primary, secondary, tertiary . |
Y =
vertices R
e Suppresses combinatoric background Secondary N\, :
Vertices N
e Measurement of proper decay times N
e Precise B-flight direction allows il fertiary " K K
. . . EVT: 49700980 ertex
reconstruction with neutrinos - RUN: 70684
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e Signal: DY u- (DY = Kn*) using tracks which

Opp from b—DeXp~v

form a common vertex.

Background from “Prompt” D separated
from Signal “DfB” using impact parameter

_—
-
n

Events/ (0

(between DO direction and primary vertex)

® 3nb! untriggered, 11 nb™' triggered:
pT(muon)>1.3GeV: trigger Efficiency ~50 %
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b Cross Section

50
20 To be submitted to PLB =~~~ MM
T \“*\ — CNFMR
do 30 e Un-trig. 3 nb™!
an HLT Il nb"!
w201 = Average
10 } E:
LHCb -
0
ICS
2 3 "1 5 frst PN b
Extrapolated to full pseudo rapidity: paIoer fro

o(pp — bEX) = (284 +£20 +£49) ub \/g =7 TeV

Cross section systematics large due to dependence on absolute normalisation
i.e. luminosity 10%, tracking efficiency 10%, fragmentation fraction...
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b—D*/Ds/Ac Xuv

e |n fact there is a Large discrepancy on decay fractions to the different b species

that must be resolved.
Species LEP Z°fraction % Tevatron fraction %
3 40.3+0.9 33.3£3.0
30 40.3+0.9 33.3+3.0
3¢ 10.4+0.9 12.1+1.5
AT 9.1+1.5 21.4+6.8

e All Preliminary results for CKM 2010:
* 3-prong studies of b = D*/DyA: X g~V
e ~800 nb' sample.
e Single muon triggers used at LO, HIt1, HIt2: pr p>1.3 GeV
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b—D*Xpuv

Use as cross check of D¢t studies

Reconstruct D*— Knm

~800 nb!

Signal:
3649+62
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~800 nb! & s

Signal
964+52

Signal:
50+32
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Inclusive Dalitz phase space selection.
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Ay Semileptonics

Several exclusive measurements of
N\, exist but not inclusive - infer from
lifetime.

At - v = (5.0t"9_14) 1072

Atntnl-v =(5.6+3.1) 10~
BR(baryonc = AcH)=1

(2595t |-v=(6.3%49_34,) 1073

(2625)*1-v =(1.1796_54) 1072

)
Zc(2455) * 17 v upper limits from
2 )*+ 1~ [~ v tevatron.

O

mass [GeV]

6.2

6.1

6.0

59

5.8

5.7

g=u,d g=u.d,s g=S

‘\l A T +

)

blqq]

S-wavel -wave

b{qq} blgal b{qaq} b{qq}

NS0 A_tu-v form factors measured at DELPHI: p?=2.03+0.5+1.0, some

| attice calculations exist.

bb pairs with uud (from p) and forms A, B* which may cause an

asymmetry in B/B , and A /A, production.

LaCh :  :
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http://pdglive.lbl.gov/popupblockdata.brl?nodein=S040R15&inscript=Y&exp=Y&fsizein=1
http://pdglive.lbl.gov/popupblockdata.brl?nodein=S040R15&inscript=Y&exp=Y&fsizein=1
http://pdglive.lbl.gov/popupblockdata.brl?nodein=S040R16&inscript=Y&exp=Y&fsizein=1
http://pdglive.lbl.gov/popupblockdata.brl?nodein=S040R16&inscript=Y&exp=Y&fsizein=1
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http://pdglive.lbl.gov/popupblockdata.brl?nodein=S033R1&inscript=Y&exp=Y&fsizein=1&dclumpin0=A
http://pdglive.lbl.gov/popupblockdata.brl?nodein=S033R1&inscript=Y&exp=Y&fsizein=1&dclumpin0=A

Bs—D:Xu-v Exclusive

Exclusive Bs— DsXU™V states have not — predicted (Godfrey-Isgur model)
been isolated/observed but the inclusive , _*° observed
Bs width has been measured by Belle.

Only state to be observed to ——
semileptonic decays D*Kp-v

2.8 [
Theory predicts I's(sl)~90% Ds+Ds*+DsJ | — \ i
BT(BS — Dseue) — (2.85 T 0.35)% 5 2.6 - D, =

: v D'K
Br(B, — DZev,) = (7.09 £ 0.88)%| & , , / D
arXiv:1003.5576/ - J

Dsi’, D2 = DYK, small Ds*n
contribution

Dsl(*) N DS(*)+ n 7.l:O/Y O- 1 - O+ 1 ’ 2" 3-

W s . S. P-
Measurements of D®K will constrain Bs=Dg**[-v  ~7°° wave

rach. s+ - iy
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Towards Vuw/Ve exclusive

Neutrino reconstruction.
B direction determined from vertex displacement.
IpB| in semileptonic decays can be determined with two-fold ambiguity.

Lower |pB| provides better resolution = unfold for bias
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Neutrino Reco. Resolution

Resolution is adequate for sensitivity in g2 for Bs = Ds p—Vv.

Lach s
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Bs—DXuv @

® B;—D; pv fit to IP&m(KKn) in g2 bins ~800 nb™! (in Ds—®&K* modes)
® Relative fractions based on D/D*/D**, not all D** decaying to Ds ~2.5:~6:~1.5

—_— 180 T T T T T T T T T N B I ) ' .Data
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S 1% Preliminary . 2 [ Preliminary
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40f
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0
Very clean signature for CKM studies! 0 5 10
q2 GeV?/c?

Constraints from B—D"K p nu for Ds** & B—=D¢* (= Ds y) Y nu
Cross check with B=D*(—=Knn) X Y nu
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Summary

® First b-physics paper on LHCb using semileptonic B decays for the
b-cross section.

® We have observed the main components of the b semileptonic
decay width.

® Provides essential information for b fragmentation fraction
determination.

® These measurements will be important for a deep understanding of
the Cabibbo favoured s/ width in Bs & other b-hadrons.

e Upon which precision CKM (in Bs and Ap), and As;
measurements will be based.

e | HCb resolution and phase space coverage good for CKM studies.

LHCD
G Phillip Urquijo CKM 2010 19



WGII Lattice Request

e Exclusive semileptonic Bs exclusive decays are not yet
described on the lattice.

e (Calculations exist for Ay .

* We need form factor normalisation input from lattice for
high precision interpretations.

* For both, Cabibbo favoured (Ds/Ds*) and suppressed
modes(K/K*).

LHCD
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Systematics

e (ross section systematics highly dependent on absolute normalisation (i.e.
luminosity, tracking efficiency, branching fractions, and fragmentation fraction).

Source Error (%) | Source Error (%)
Luminosity 10.0 Prompt & Dib shapes 1.4
Tracking efficiency 10.0 B(D’ — K~ xt) 1.3
Bb— D°Xpuv) 5.1 DYy~ vertex x? cut 1.2
Assumed branching fractions 4.4 Kaon identification 1.2
LEP fragmentation fractions 4.2 Muon fakes 1.0
(Generated b pr distribution 3.0 DY mass cut 1.0
Muon identification 2.5 DY vertex x? cut 0.6
Xip cut 2.5 DY flight distance cut 0.4
MC statistics 1.5 Pion identification 0.3
Total 17.3%
LaCh ; ?]
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