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Outline

Status of the the LHC and the LHCb experiment
The b production cross section
The core physics of LHCDb

Validation of our analysis strategy

What to expect from first run
Where do we need lattice QCD input?

Will focus on areas where we expect results from first run
and where input from Lattice QCD is relevant

Many areas where improved LHCb results and improved
lattice results together will improve CKM fits

Not mentioned further here
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Status of the LHC
First collisions in 2009 at 900 GeV CoM energy
Since March 2010 collisions at 7 TeV CoM

Luminosity now is around 10°" cm=s”
2010/09/06 08.35
LHC 2010 RUN (3.5 TeV/beam)
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* ALICE : low pile-up since 01.07.2010
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Status of the LHC

Goal for 2010 is to achieve 10%2 cm=s™
This is within a factor 2-5 of the nominal luminosity for

LHCb
Steady running in 2011 will give around 1 fb”
ThIS iS 0(10%) Of integrated LHC 2010 RUN (3.5 TeV/bze%))g/06 o

luminosity to achieve full
LHCDb physics programme

-—h

___________ }.RBELElMlNABY.(ﬂQ%.g(e)_ a®

o &8
7.8 wililllits

~ factor 10 per 30 days!

... well below 1% for
ATLAS/CMS

delivered integrated luminosity (pb'1)

175 200 225

Figures from LHC commissioning team day of year 2010

* ALICE : low pile-up since 01.07.2010
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Introduction

LHCDb layout
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LHCDb detector performance

The key issues for achieving heavy flavour results at a
hadron machine are excellent performance for:

Trigger
To keep the correct events given huge minimum bias cross
section
LO hadron &
LO muon trigger HLT Impact parameter
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LHCDb detector performance

The key issues for achieving heavy flavour results at a
hadron machine are excellent performance for:

Vertexing
To select final states cleanly and provide lifetime information
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LHCDb detector performance

The key issues for achieving heavy flavour results at a
hadron machine are excellent performance for:

Hadron identification (K,1T,p)
For separation of states such as Bs — D Kand D_mr

-9 1-4_ ! ' ' I ' ' ' I ' ' ' I ' ' ' I ' ' o
2 - LHCb K- K (98.07 + 0.26)% 7
5 12 Preliminary 7 K (17.83£0.03)%
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T —— 7
0.8F —— |
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Momentum (MeV/c)
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LHCDb detector performance

The key issues for achieving heavy flavour results at a
hadron machine are excellent performance for:

Lepton identification (y,(e))
For pure identification of states such as B_—pu

Muon efficiency T to u contamination
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LHCDb detector performance

The key issues for achieving heavy flavour results at a
hadron machine are excellent performance for:

Tracking
As background in most cases is proportional to mass
resolution
No T T T T | T T T T T | T T T T :
%10000 LHCb Ngignal = 69895 + 348 -
= Preliminary B/S = 0.562 + 0.0038
L) —_ m, = 3090.3 + 0.098 MeV/c? 1
"2 8000 \s=7TeV Data Gep =159+ 0.1 MeVic2

)] IR R R R
2900 3000 3100 3200

u*u invariant mass (MeV/c?)
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LHCDb detector performance

The key issues for achieving heavy flavour results at a
hadron machine are excellent performance for:

Trigger

To keep the correct events given huge minimum bias cross
section

Vertexing

To select final states cleanly and provide lifetime information
Hadron identification (K,1,p)
For separation of states suchas B, — D Kand D_mr

Lepton identification (u,(e))
For pure identification of states such as B_—up
Tracking

As background in most cases is proportional to mass
resolution
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Synergy with lattice QCD

Limited precision lattice results give limited precision in

*f’*‘ 57575
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Synergy with lattice QCD

... improvements are taking place in Lattice QCD
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Synergy with lattice QCD

... leading to improved results from LHCD!

QNN e );;}
v . D\ 4 ]
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The b production cross section

The production cross section at LHCD is interesting from
a QCD point of view
Also important for normalising our expectations for the
future
Find D°—K1r decays and look for muon with right sign for
semi-leptonic B decay.
Use wrong sign decays to understand background

Independent analysis performed which uses lifetime to
find J/p events from B—J/p X decays
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Separation of prompt D and D from B decays

Right sign Wrong sign
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The B production is measured in bins of pseudo rapidity

50

@ Theory | Nason, Dawson & Ellis

40

do -
dn 30 +— H
(1b) 2o-

10

Theory Il Nason, Frixione,
Mangano & Ridolfi

0

We get o(pp—H, X; 2<n<6) = 74.9+5.3£12.8 ub
LEP fragmentation functions used.

Pythia extrapolation to full phase space gives
o(pp—b b-bar) = 292+15+43 pub [LHCb preliminary]
No error from extrapolation taken into account
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B_—u'y introduction
Decay a very sensitive probe for Higgs sector of any New
Physics model
SM BR predicted to 10% precision at 3.6£0.3 10°

Currently best result is from CDF 3.7 fb”
BR <4.3 10® 95%CL

LHC will quickly catch up.
We will very soon know if this is exciting.

On the other hand, if limit goes below ~5 10 it will be
hard to identify New Physics.
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Analysis validation
The search for B.—p*u- is based on:

Counting in bins based on 3 independent variables

Invariant mass of the muon pair

Power determined by the tracking system resolution and
alignment

Muon identification likelihood

Dominated by muon system but also use information from
calorimeters and RICH detectors

Geometrical likelihood

Quantities where the vertex detector provides the main
discrimination: impact parameters, isolation, lifetime.

Normalisation

Ulrik Eqgede
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Analysis validation

\-‘—6000
S LHCb Background events as
L5800 Preliminary . . SR .
=3 . 7700 Lot 21810" distributed in invariant
#5600 o« @ ' .
g _ _ mass vs Geometrical
. . likelihood.
S5200 . L ~ 0.2 pb
_5000
4800 ’ : -
.|2HH0.|3HHU.|4HH0.|5HH0.|6HHU.l?IIHO.lBHHU.l9HH1
Geometrical Likelihood
= C
. . gmﬂ L e Data ‘ LHCb
In 1.2 GeV wide window & [ # [ weame Preliminary
around B_mass, §7F
. oR
background is currently 10
50% above MC simulation [
estimate. T |

M(u 1) IMeV/ca]
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Getting to the branching ratio

At a hadron collider we measure branching ratios relative

to a known BR
REC SEL|REC TRIG[SEL Foul v,

€ € = INpO_  +y,—
BR = BR,., x -l “cal cal X s 1A
' cal . SEL T JISEL T
REC SELIREC TRIGISEL - 0 Neal
Slg Slg Edg

Unfortunately no B_ branching ratios are well known

Either we need to know relative B%B_ (or B*/B_) production

ratio
... or get a B_ absolute BR with high precision from elsewhere.
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Relative B°/B_ production ratio PRD.82.034038
Measure B,—D*K- and B_—D_*1r yields in LHCb

Then use theoretical prediction of BR's to extract the
production ratio

Only colour allowed tree diagrams involved
Factorisation works well.

Dominating theoretical error from form factor ratio

FO(m2) 1
Ny = [%] =1+0o
Fy (myg)
. . . 8 d
Can lattice calculations give
us d at 20% level? 58 4
B | PR AT D+
| 3 s g G2
d d s s
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Absolute B_branching ratio

We can normalise to BR(Bs—J/yp @) directly using a
measurement from BELLE made at Y(5S) resonance

Now fragmentation doesn't enter

Measurement is difficult though. Current value
BR = (1.18+0.25+0.22-0.25(syst))x10? (23.6fb")
PRD 74, 031501 (06), id. PRD 80, 039901 (09) has idea

to reduce fragmentation uncertainty at Y(5S) by counting
same sign leptons.

Prospect of reaching 10% statistical error in normalisation
but a challenging measurement.

Systematics from theory are not relevant
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Outlook

With main parts of analysis validated we estimate
200 pb' (2010) of data to give us worlds best limit
50 observation down to BR = 5 x SM with 1 fb' (2011)

25—

01— T T - - ' ' ' T T T T T T T
35+35TeV
| @ L @35+35TV-
0 ju 2
COF (3.7f%°) -
=~ - N N S S N S R N EEE N BN W NN N S N > L
X ] T S
N PG
\ki 30 - — . g )
= \Exclus on limit @90%.C.L ) \ 5c Observation]
":L 1 i ' ' . +
/:\Lzo IS NG O L S _CIZF-I-TI)_(Bﬂr) /:\,1'10 : \\ 36 Evidence -
Y \\ g o P T
X TS . [— SMprediction
SM prediction =T o
1T T 00 02 04 06 08 10 12 14 16 18 20
00 01 02 03 04 05 06 07 08 09 10 L)

L)
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B —K*u*p introduction

Interference between these

b slb ¢ M
o (| L
7| s A g

20y

L~
ufet r\]\f\f\ﬂx\\ i
Oz, Og,10 N :

... and their primed counterparts ] — .

As an exclusive decay we need to find a way to cancel
form factors to reduce theory uncertainty

A multitude of observables in the literature that have
specific sensitivity to New Physics

Ulrik Eqgede
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) JHEP 01 (2009) 019
What to measure? JHEP 11 (2008) 032

Most well known observable is
A.., the forward-backward

asymmetry

FF cancellation only at zero
crossing point

Sensitive to changes in C_and C

9

~ 4/3 AFB (CP Ave.)

('_‘.:-

Other observables such as

AP =

g FT%\[%%I\I

44* J_lj_R‘ [

4LL 4UR —ﬂ--*it IH\IH%M | !
Apr AL T AoRr4 ||R‘ R S R T
g* (GeV?)

constructed to have FF
cancellation everywhere, but
require more statistics
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Current measurements of A__
Three results have arrived in the past 2 years
Belle PRL 103:171801 (2009).

BaBar PRD 79:031102 (2009)
CDF preliminary (HCP 2009)

Example below of 6 in q < 2 GeV?* from Belle

Clearly statistics are still very limited for this type of
measurement.

Events / 0.25

oosBBI

Ulrik Eqgede
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Validation
Insufficient data to see signal events. Instead use
proxies:
B, —J/WK*® for selection efficiency and background studies
o W-———————"———7—7 o F - r - T - 1 T r 1 T =
o N LHCb . __‘"_’_ C 4Signal MC . LHCb ]
= 1300 Preliminary § > 5 #oaa Preliminary
% : Js=TTevData { = E WE=T Te‘u"_EJ ata ]
o 3200 L = 485 pb™! 1 = 4 L = 485 pb :
%:ﬂnuf— #‘ — :_.ﬁ 3_ _
< :mnui— . ) — & 2_ _
+; : ] 0 — U - — tem wmesw s e o ._:
e e oo 1) T imarant wass (wev )

When applying Bd—K*0uu selection we see clear
B, —J/WK*® peak

Yield as expected when measured B production cross
section used for normalisation
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Validation
Insufficient data to see signal events. Instead use
proxies:
D°— KT for understanding angular analysis
S e hes " 3 LoF eseame | LHCH
%ﬁﬂﬂﬂ_— ﬁ Preliminary_g E'ni;z: :Data \Zreilgrr;zf
Eﬁnnu_— ~\L'§== 4‘; ;?;Pata — E 003 435ph1
< 4000 - T, + #’M#ﬂ
8 3000F 0.02F  4b M
S 0.0155  #* .
v 0.01E ,* ﬁq,
0.005 't:
' 1s|50' = '1gluol = I1QI5[1I = '2u|00' T I-'f'l-5l o ll] T Iﬂlﬂl B

D° Invariant Mass (MeV / ¢?) cos(Pseudo 6,)

Use very clean D signal to form a “fake” lepton angle

See very nice match to expectations from Monte Carlo
No nasty acceptance effects showing up.
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Where can lattice calculations help

Form factors
Starting to see first calculations of form factors.
Only works at high dimuon masses (g?)

Can it be combined with LCSR calculations to improve FF
at lower g2?

Charm quark mass
The charm quark mass enters into the SM value of A_,

Actually it is m /m_that matters so should already be
insignificant?
Differential branching ratio

Has so far received limited interest from LHCDb. Can FF
calculations be so accurate that we should reconsider?

Ulrik Eqgede
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Outlook
Just 0.1 fb" will give equivalent error to current B-factory
measurements
_W. Reece, Beauty 2009
3.10 SM exclusion
0.5 fb* enough VY

to exclude SM
at 3.10 level _ g it Wi
if Belle central < = Tl

value correct Y I I .
| BaBar (2009) PRD 79 031102
-06/ | Belle (2009) PRL 103 171801
.| 05fb-1 - 700events(fullg2range) .~
| . 200 events (1< g2 < 6) LHCb-MC
—0.80 - 5 > . 5

q’ (GeV?)
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B_—J/y ¢ for ¢_ measurement

LHCDb has the potential to quickly improve on the
measurement from the Tevatron experiments.

Already see a signal sample in ~600 nb-

| m{Jiw 9) - m(B,) | < 40 MeV/c®

% 14 LHCb Lok n

3 Preliminary Ny = 272 5.5 e F LHCb

w 12/~ ys= 7 TeV Data = f Preliminary
‘l': " 4s5=7 TeV Data
E 10 ;E: 10

g . “OE m,: = 0.078 ps

A
il

|_|
'
.4 illl

i
LI Y
' I
1
'

‘ Il

il

5
t(ps)

aumummn '
350

'lmmmmmu
5150 52 i SO0

10" || J|
m(ahy ¢) (MeVie?) )

Time resolution is 78 fs.
About factor 2 above expectation

Significant improvement seen with latest alignment
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B_—J/y ¢ for ¢_ measurement

Assuming from MC

simulations % os | CDF 5.21b™! FPCP 2010
Background level %3’ :
Time resolution M DO 6.1fb™' ICHEP 2010
Flavour tagging efficiency o b

LHCb preliminary 7TeV; o(bb)=292ub

and from data I — Uncertainties on o(bb)

and BRvis(B2-J/y0)
B production cross section AN

We get sensitivity downto o[

close to SM value with 1 fb™’ : e

1] 01 02 03 04 05 06 07 08 09 _11
Integrated Luminosity (fb™)
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d S
d sl & d sl

DO measurement has increased interest in semi-leptonic
asymmetry

y, TB—=B—pu"X)-TB—=B—pu X) «
EI_F[B—rB—',{L_XJ'i'r[B_'B_'ﬂ_XJ 0.01

o

The p-p initial state of LHC gives 0
production asymmetries making it~ -0.01f
Impossible to replicate measurement !

- LHCb MC
from DO -0.03- @ -1fb! y
. . . If a, 9=S
Instead look at difference in exclusive - fa=sM /.
-0.04-0.03-0.02 001 0 001
decays B,—D*(—KKm)uv and ad
B.—D_(—KKm)uv.

_ _ . LHCb expectation with
Identical final state means detector bias  1fb-' (stat error only).

heavily suppressed Use DO central value
. . and no NP in a¢
Very interesting LHCb measurement °
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Conclusion
The LHCDb detector is fully functional

Validation of many aspects of detector done with control
channels

Performance is very promising even if there is still work to
do

In both the coming year and in the long run we will see
benefits from improved lattice calculations.

Stay tuned ©
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