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Trigger: input 40 MHz
hardware: Y,h,ey; output | MHz,
to storage 2 kHz

Vertex Locator: e e
<10 Pm position resolution

~40 fs proper time resolution

used for impact parameter trigger

RICH: 2 detectors with 3 radiators
= excellent T1-K separation over large momentum range (2-100 GeV/c)

4 Tm dipole magnet, Si & straw trackers, calorimeters, muon stations
moderate design luminosity (2x1032 cms™'): ~ | interaction per bunch crossing

nominal annual luminosity: 2 fb!



CHARM AT LHCb
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* A blessing and a curse:
5% - 10% of collisions
contain charm quarks
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» Prompt” charm ~10x more abundant
than secondary charm from B decays
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* Irigger:
Designed to select B decays:
* favours higher pt secondary charm
* benefit of more relaxed trigger conditions during early days

* Running conditions:
Luminosity per bunch crossing equivalent to design values

“ Prompt charm: charm mesons produced at the primary interaction point (incl. e.g. via D" decays)
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OPEN CHARM
CROSS-SECTIONS

 First measurement at /s = 7 TeV

- Large uncertainties on theoretical extrapolations
» Can measure down to pt = 0

» Access to all open charm hadrons

* Presented here:
Preliminary cross-sections for DO, D™+, D+, Dg* using |.8nb"

* Work In progress:
Cross-sections for DO, D™+, D+, Ds*, Act using 14nb-!
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MEASUREMENT STRATEGY

* Determine raw yields in bins of rapidity and transverse
momentum

» Measure contamination from secondary charm on data

* Determine selection efficiency from MC simulation
Extensive cross-checks performed on data

» Particle ID cut efficiency measured on data

» Use absolute luminosity measured by LHCD

« Take BF values from PDG
Nsignal
5totBF£int
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PROMP [-SECONDARY
SEPARAT\ON

» Selections favour prompt decays

» Residual background from D being
decay product of other long-lived
particles: secondary charm

* “[raditional” method:
Measure secondary fraction from

D impact parameter distribution

* Similar method needed for mixing
and CPV measurements:

Need to account for time
dependence In addition!
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RESULTS
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RESULTS

Di+c.c. cross-section

LHCb,\'s=7 TeV
2.0<y<4.5

—@— LHCb Preliminary
Pythia(LHCb tune)

MC et al.

------ BAK et al. -

lllllllllllllllllllllllllllllllllllllll

0 1 2 3 4 5 6 7 8
P, [GeV/c]

10?

10

D.+c.C. cross-section

LHCb,N's=7 TeV |
0<pT<8 GeV/c

lllllll

%
/

| IIIIIIl

—@— LHCb Preliminary

Pythia(LHCb tune)

lllllll |

MC et al.

\S)



MIXING & CPVIOLATION



COMMON STRATEGIES

* Acquire data set to significantly improve world average

« Use control modes/ normalisation channels for initial studies
with data

* Perform systematic studies on data:
* Prompt-secondary distinction

» Lifetime acceptance correction



COMMON STRATEGIES - i

» Using prompt charm

 More events

* Need to measure contribution from secondary
» Using charm from B decays
» Lower cross-section, but higher pt = higher trigger efficiency

* Need to precisely measure D production vertex
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MEASUREMENT STRATEGY

* Use “wrong sign” (WS) D™+ —DO(K+1T)1is* decays

* Iwo contributions to decay:
> DICS) @iz
» CF decay after DY mixing

» Measure time x'? and Y’ in evolution of WS decays

, 1 )
rws(t) e (RD +V Rpy'(I't) + §R1\1(Ff)'>

/

x r CcosoO + ysin o

Ry = (2% +y°)/2 = (2" +y"%) /2

/

Y 1 COSO — TSIn 0

» O: relative strong phase between two decay amplitudes

* Rp: ratio between DCS decay rate and CF decay rate
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D™ = DY(KTT)TTS
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AVAILABLE DATA SET

+ BR(WS) ~ BR(RS) / 250

* WS selection needs to be much tighter than RS to suppress
background

* Expect about O(100) prompt WS candidates on tape by
NOW.

* Expect dataset for significant improvement in mixing
measurement in the course of next year
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MEASUREMENT STRATEGY

* Two ways to measure CPV In mixing:

» Lifetime ratio ycp shows CPV If different from vy

B (DY — K—7t)
P =T S K-K+)

—1 ycp = ycos ¢ — s Ay xsin ¢

* Lifetime difference In decay to CP eigenstate shows CPV if #0

7D - KtK~)—7(D° - KTK"™)
- 7(D° - K+*K~) +7(D° — K+K~)

Ar Ar = %Al\[y COS O — T SIn @

s 0
ycp: can use untagged D® decays Ik =1 £ Ayl2

* Ar: need flavour tagged DV decays: arg(xx) = o
use decay chain D™+—DOrg*

Dk



MEASUREMENT METHODS

* Measure ratio of yields in bins of proper time while minimising
broper time bias in selection:

» Maximise cancellation of bias per bin

» Potentially easier to control systematics

* Perform unbinned lifetime fits in individual modes:

» Correct for proper time bias on event-by-event basis

* Needs parametrisation of secondary IP distribution with time

LB
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AVAILABLE DATA SET

» Currently approaching ball park of existing measurements

* Plan to perform measurements with at least a factor 2 increase
N sensitivity

* Irnigger rapidly evolving to accommodate changes in luminosity:
final data set depends on trigger conditions

* Various selection strategies:
cut based,
neural net

L
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MEASUREMENT STRATEGY

* Time dependent Dalitz plot analysis with ~ 10 resonances

* Access to individual mixing parameters x & y as well as CPV
variables |q/p| & @

 Recent BaBar & Belle measurements just reached statistical
sensitivity to mixing

» Aim at significantly increasing sensitivity at LHCb:
available end 201 |

* Not an early analysis: very complex fit needs profound
understanding of data and models
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3-BODY DECAYS
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3-BODY DECAYS

. 2r

» Search for CP asymmetries in 3- 3o \ao7 1V O
1.6
body charged D decays % 1af
1.2

* Main method: i
model independent asymmetry o
measurement in bins of Dalitz space et TF

Phys.Rev.D80:096006,2009
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THER TORIGS
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CONCLUSION



CONCLUSION

» LHCb detector works beautifully

* First presentation of charm cross-section results:
* In broad agreement with theory

* Higher precision to come
* Mixing and CPV analyses in preparation

» Acquired LHCb data sets approach existing data sets of
other experiments

* Expect to acquire enough data to significantly increase
sensitivities In the course of next year
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