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CERN and the LHC�
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Geneva 
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"pp collider : NOW : �
➡  @ √s = 7 TeV (highest ever reached!)�
➡  L ≈ 1029 cm-2s-1 -> up to 1-2·1031 cm-2 s-1 �

""�

"NOMINAL (2011) : �
"√s =14 TeV �
"L = 2·1032 cm-2 s-1 (LHCb specific)  �
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The LHCb detector�

pp collision 
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•  Performance numbers relevant to quarkonium analyses: �
–  Charged tracks Δp/p = 0.35 % - 0.55%, σ(m)=10-25 MeV/c2 �

–  ECAL σ(E)/E= 10% (E/GeV)-1/2 ⊕ 1 % �
–  Muon ID: ε(µ→µ) = 97%, mis-ID rate (π→µ) = 1-3 % �
–  Vertexing: proper time resolution 30-50 fs�
–  Trigger: dominantly software�

    Angular 
acceptance : �

10<θ<300 mrad�

possibility to 
reverse field 
polarity to 
check for 
detector 

asymmetries �

η=2.5 �

η=7 �



Luminosity �

11.06.2010 � 8 �Giulia Manca �

➡  LHCb running high 
efficiency ≈90% 

➡ Already L≈16 nb-1 on 
tape 

➡  These analyses  
 ≈3-14 nb-1 (±10%) 

Goals :   
  1 pb-1 (August 2010) 
  100 pb-1 (end of 2010) 
  1 fb-1  (end of 2011)  

Mar 2010           April 2010          May 2010    �

All plots include the full luminosity L=14 nb-1 unless otherwise stated�
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Motivations �
➡  The production mechanism in pp 

collisions still unclear 
➡  Several models around : 

  Color singlet and color octet 
mechanisms (NRQCD) describe the 
pT spectrum and cross section of 
the J/ψ as measured by Tevatron, 
but not the polarization (and has 
other failures) 

  Other models such as color 
evaporation model, kt 
factorization, soft color interaction 
model cannot describe the data 
either 

➡  New data from LHC experiments 
will help to resolve this issue 
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J/ψ	
  cross	
  secFon	
  crucial	
  milestone	
  in	
  understanding	
  detector	
  
and	
  first	
  step	
  to	
  B	
  cross	
  secFon	
  measurement	
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J/ψ Production at pp �
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1st step 2nd step 3rd step Production 
type 

Prompt,direct �

Prompt,indirect �

Delayed,indirect �

BR(J/ψ→µµ)≈6%�

√s=10 TeV �
LO color singlet+color octet � J.Lee,	
  H

.S.	
  Chung	
  hep-­‐ph/0412158	
  	
  

€ 

cc →J /ψ + X
pp →cc ,bb + X cc →χc1,χc2 + X χc →J /ψ + γ

bb →B + X B →J /ψ + X

Pythia 6.4 
√s=7	
  TeV	
  	
  

Using our MC samples (unpolarised J/ψ)�Prompt  J/ψ at LHC  
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LHCb Trigger�

Measure muon trigger efficiencies using trigger lines not involving muons �

L0 x HLT1 Efficiency J/ψ->µµ	





P of muon (MeV/c)�

Muon Reconstruction Efficiency�

 ε(µ) = 97.3 ± 1.2 % �

Tracking 
system�

Muon 
system�

J/ψ→µµ 
µ 
probe�

µ tag� J/ψ used to 
measure the �

Muon 
reconstruction 

efficiency�
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J/ψ �
➡ J/ψ cross sections ≈15 µb 

➡ Mass resolution ≈11 MeV/c2 
➡ tz used to separate J/ψ prompt 
from J/ψ from B 
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tz=Δz/pz *MJ/ψ 

MC expected �



J/ψ �
➡ J/ψ cross sections ≈15 µb 

➡ Mass resolution ≈11 MeV/c2 
➡ tz used to separate J/ψ prompt 
from J/ψ from B 
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MC expected �

tz J/ψ  / ps�

promp
t �

from 
b �

tail from wrong 
PV �

LHCb Monte Carlo �
 Inclusive J/ψ  (14 TeV)�

t=Δz/pz *MJ/ψ�



J/ψ �
➡ J/ψ rate ≈300/nb-1 
➡ Mass resolution ≈16 MeV/c2 
➡ tz used to separate J/ψ prompt from J/ψ from B 
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Data Observed�
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 98.2± = 4211.8 SignalN

 0.03±B/S = 1.24 
2

  0.41 MeV/c±M = 3088.92 
2

  0.4  MeV/c± =   15.8 !
 = 7 TeVs

Preliminary
LHCb



J/ψ pT and y spectra �
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➡  In each bin,  J/ψ yield extracted from mass distribution 
  no correction applied 
  spectrum contains prompt J/ψ and b → J/ψ 

➡  Variables to be used for the cross section calculation in bin of 
y,pt (expected in late summer); 



J/ψ Acceptance�
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Cross	
  secFons	
  in	
  acceptance	
  	
  
(2<y<4.5,	
  pT<12	
  GeV/c)	
  
Pythia	
  6.4,	
  √s=7	
  TeV	
  

•  pp	
  →	
  prompt	
  J/ψ	
  	
  +	
  X	
  
σ	
  =	
  13.0±0.1	
  µb	
  

•  pp	
  →	
  b	
  →	
  J/ψ	
  	
  	
  +	
  X	
  
	
  σ =	
  1.4±0.1	
  µb	
  

Total Acceptance≈13% 
LHCb Acceptance 85%  



Influence of J/ψ Polarization �
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  Detector acceptance as a function of helicity angle cosθ	



J/ψ – lab  virtual �
flight direction �

Example: �
helicity frame�

MC with no polarization �

➡  LHCb acceptance generates an artificial polarization �
 large influence of polarization on measurement �

➡  First step: Treat polarization as systematic error�

J/ψ rest frame�

20 �

Both mu <300 mrad 



Systematics from J/ψ polarization �
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➡  Study the effect of ignoring the polarization dependence of the 
efficiency (J/ψ are not polarized in the LHCb Monte Carlo)�

α«data»� σMeasured  α=0 � Input σ«data»�

0 � 2758 nb ± 27 nb� 2820 nb �

+1 � 2738 nb ± 27 nb� 3190 nb �

-1 � 2787 nb ± 28 nb� 2286 nb �

Systematic of 
up to 25 %�

➡  Follow up: Measure polarization �
  in bins of η and pT �
  separating prompt and J/ψ from b �
  with full angular analysis, in different reference frames�

21 �



Example Cross section Measurement @√s=14 
TeV �

➡ Study fit procedure to determine cross section  
  Signal: Inclusive J/ψ sample 
  Background: toy Monte-Carlo reproducing behaviour (mass and 

pseudo-lifetime) seen on the Minimum Bias sample 

  Sample corresponding to 0.8 pb-1, √s = 14 TeV 

➡ Good agreement 
between fit result 
and MC input 
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At √s=7 TeV we will be 
able to perform a 

double differential cross 
section measurement �

with O(10) pb-1 �



Open Charm�

11.06.2010 � Giulia Manca � 23 �



Open Charm Production at LHCb �
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Pythia 
6.4 �

σbb≈0.3-0.5 mb @ 10-14 TeV �

LO
�

L=3nb-1 �

D0 from B �

➡ Open charm signals�
•  probe of new physics�
•  measurement CP violation �
•  measurement mixing �

➡ Charm production cross-
section large! �



Open Charm Triggers�
➡  Lower luminosity 

   trigger thresholds relaxed 
 ->great opportunity for 

charm physics!   
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40-50% 

Rate vs. Efficiency D+->Kππ	





D0->Kπ Decay �
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untagged� tagged�L=3nb-1 �L=3nb-1 �

➡  Untagged and tagged (from D* decay) D0->kπ decays �
➡  Uncalibrated masses within few permilles of PDG value�
➡  High yields -> excellent modes for cross section estimate�
➡  Towards the D0-D0bar mixing measurement �



More Charm Signals �
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D0->K-π+π0 : neutrals! � Λc
+->pK-π+ :good vertex resolution �

D+->Ksπ+�

➡ Open charm signals from minimum bias 2010 first data �

L=3nb-1 �L=3nb-1 �

L=3nb-1 �
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New physics in D0→µ+µ- �

➡  Highly suppressed decay in the SM:  
 BR(D0→µ+µ-)≈3.10-13 

➡  Can be enhanced in MSSM with R-parity  
 violation up to 10-7 

➡  Current best experimental limit by Belle  
 BR(D0→µ+µ-)<1.4 10-7 @ 90%CL (arXiv:1005.5445) 
➡  Analysis overview : 

  Use D*→ D0 π 

  Preselection cuts 

  Multivariate analysis based on impact parameter, pT, difference in φ and η 
between the D0 and soft π 

  Normalization to D0→ ππ 

⇒  Similar to Bs→µµ but more difficult due to lower invariant mass and higher 
background 

➡  LHCb prospects: Expected limit for 100 pb-1: 
BR(D0→µ+µ-) < 4.10-8 @ 90% CL �
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Charm physics prospects�

➡ 1 pb-1:  
  cross sections mesurements : 

 Double differential in pt and y (D0->k-π+,   
 D+->k-π+π+, Ds+ -> k-k+π+, D*+ ->D0π+, Λc

+ ->p k-π+) 

➡ 100 pb-1: 
  Rare decays : D0->µµ,  
  D0 mixing: 

 Time dependent : D0->k+π+ 
 yCP from time differences (D0->k+k-, π+π-) 

  Direct CP violation in 3 body decays 
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Conclusions and Outlook �
➡  LHC and LHCb are in great shape and LHCb is taking 

data with high efficiency 

➡ All the analysis tools are in place and start to 
deliver physics results  

➡  J/ψ events clearly reconstructed 
  Crucial standard candle for detector understanding 
as well as cross check of luminosity  

  Cross section measurements probe of non-relativistic 
QCD theories 

➡ Open charm peaks well reconstructed, physics program 
setup and waiting for more statistics 
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Ready for the first measurements! 
Stay tuned!�



Back-up �
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Primary Vertex resolution �
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Muon mis-identification �

  π μ misID �

LHCb 2010 �
preliminary�

LHCb 2010 �
preliminary�

π→µ �
dominated by�
decays in flight �

p→µ �
dominated by�
combinatorics�
in muon stations �

This plots shows the probability to misidentify a pion from Ks and 
a proton from Lambda as a muon as a function of momentum.�
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Kaon Efficiency�
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D0->Kπ Decay �

11.06.2010 � Giulia Manca � 35 �35 �With 2 σ cut on Δm �

tagged�
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Measurement of yCP � Jorg Marks 



!"!"#$%&'#()

!%*+,-'#.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'/0%%%%%%%%%%%%%%%%%%%1+%.21#'31%4*%5 %'/0%6Γ

78*9%:%;+<'#0)%%4*%%5 %%
'/0%%6Γ

!"#$%&'#()

!!"!"##$% $

!!"!"##$% $

"! ! &'

"! ! &&

"%=2-.31.0%.>./1)%?/%

!
" # %&& ()!" @

*"!! !"!!!"! ! &'" # %' $ %&#

*"!! !"!!!"! ! &&" # (+) $ %&$

!"#$%&'()'*%&+',"$"'$-".'$-+'!"!"#%'/'A4)?)''''''''''''

"! ! && , "! ! '' "! ! &'

"%6/'A4).%1B.%%%%%%%0.3'4%1?,.%0?)1#?9C1?+/)

D%E.1.#,?/.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%F#+,%
%%%C/9?//.0%,'2G%A?(.A?B++0%F?1)%1+%1B.
%%%A?F.1?,.%0?)1#?9C1?+/)%

-#$ , -
%
## , -

!

##

D%E.1.#,?/.%%%%%%%%%%%%%%%%%%%%%%%%%%?/%9?/)%%%%+F%1B.
%%%A?F.1?,.%0?)1#?9C1?+/%

%-##&%.%-#$&% /

"!

5B4)?3)%'1%78*%HIJI@%%*B'#,%5B4)?3)%K.)CA1)%F#+,%78*9%

LG%6C9.#1%.1%'AGM%5B4)G%K.>G%ENI%IOJJIP%QHIIRS

LHCb : Towards yCP and AΓ	



11.06.2010 � Giulia Manca � 37 �

Jorg Marks 



!!!"#$%&'#()

*+#,-.%/0%1+23'.+24%+4%5/5%*,-'6)%%

!%5+4$3,%/'77+72%)899#,)),:%:,-'6%;5/5<

!"#$%&'#()

!

=>%?#2))@'4%,.%'3>
0A6)>%B,C>%*DE%FGHFFI%;JFFD<

"%5/5%:,-'6)%'#,%),4)+.+C,%.2%/01%+4%%%%%%%%%%%%%%%%%.#'4)+.+24)
%/24.#+78.+24)%:8,%.2%)89,#)6@@,.#+-%%%%%%%%%%%%%%%K/*%
%9,4$8+4)%-283:%,4.,#>%%

"%/01%+4%5&%+)%/L&%'4:%3229%)899#,)),:%;/01%M%N%;OFPG<<%

!! " #

!%@,')8#,@,4.%2Q%3'#$,%/01%R283:%7,%'%)+$4%2Q%S0%
"%5,'#-A%Q2#%/01%+4%5/5%.'$$,:%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%76%!"!"#%%"! ! #"#!#! $ "! ! %"%!#!

!%#,)83.)%'#,%+4%'--2#:%R+.A%5&%9#,:+-.+24)%;Q,R%T<
U>%V87,#.%,.%'3>

0A6)>%B,C>%*DI%FEOOFJ%;JFFI<

!%&2:,3%+4:,9,4:,4.%*'3+.W%032.%'4'36)+)%.2%322(%Q2#%/0%')6@@,.#+,)
&+#'4:'%9#2-,:8#,%%'#X+C%FYFE>ZJGG%

"%0#2C+:,)%7,..,#%Q+3.,#+4$%7,.R,,4%#,'3%
%%%')6@@,.#+,)%'4:%).'.+).+-'3%Q38-.8'.+24)%

"%S2.%),4)+.+C,%.2%9#2:8-.+24%')6@@,.#+,)%

/24)+:,#%.A,%)+$4+Q+-'4-,%+4%.A,%:+QQ,#,4-,%7,.R,,4%%
-2##,)924:+4$%*'3+.W%932.%7+4)> !!&"# "

'$(%" &'$(%!
'$(% ' &'$(%

)! *+&+

0A6)+-)%'.%[\/%JFOF]%%/A'#@%0A6)+-)%B,)83.)%Q#2@%[\/7%

Direct CP Violation Searches in SCS Decays �

11.06.2010 � Giulia Manca � 38 �

Jorg Marks 



!"!"#$%&'#()

!%*'+,-.%'/'+0),)%12%-34%565%748'0%

!"#$%&'#()

"%9:1%%);,-'<+4%81/-#1+%83'//4+)=%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'/7%

!
! !

!
!
!
!"
#$

!
%
&"

'# ! (#(!)#

'#
" ! (#(!)#

9,>4%,/-4$#'-47%'/7%>174+%,/74?4/74/-%)4'#83%21#%+18'+%6@%')0>>4-#,4)%
,/%<,/)%12%-34%*'+,-.%?+'/4A%

'#
" ! (#(!)#'# ! (#(!)#

"%

!
" " #*$ +, B%%4C?48-%'%)'>?+4%12%)4D4#'+%>,++,1/%4D4/-)%,/%EFGF

'# ! (#(!)#'# ! (!)#)#

'# ! (!)#)#

@30),8)%'-%HI6%EFGF=%%63'#>%@30),8)%J4);+-)%2#1>%HI6<%

HI6<%K%*,#48-%6@%L,1+'-,1/%54'#83%

!!!!!#!!-#$%&
!% !!!#!#!!-#$%&

!% !!
!!#!!"#$

!%&"%

LHCb : Direct CP Violation Search�

11.06.2010 � Giulia Manca � 39 �

Jorg Marks 



!"!"#$%&'#()

*+,#'$,-%&./.0$%1'#'2,3,#)%

!"#$%&'#() 145).6)%'3%789%:;<;=%%94'#2%145).6)%>,)?@3)%A#B2%789C%

D/6@?-,%0B%2./.0$%6'),%'3%<;E:%!

!!"#! ! "#$$%!"!#$!"!#%&'

% ! ""%#$#!$!&
!'!(&

"

F?@@5%6B2G'3.C@,%H.34%34,%91%6B0),#+'3.B0

8F*I%64'#2=%%F191%:;<; 8F*I%64'#2=%%F191%:;<;

"%&./.0$%G'#'2,3,#%')%6B2C.0,-%C5%34,%8F*I%64'#2%$#B?G%

& ! "#$($# #$)#&'

' ! "#$*## #$%+&'

& ! "#$($# #$)#&'

Averaged Mixing Parameters �

11.06.2010 � Giulia Manca � 40 �

Jorg Marks 
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Untagged D→Kπ,KK,ππ �Untagged D→Kπ,KK,ππ �
≈ 2.7 nb-1 �

Patrick Spradlin �
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Tagged D→Kπ�

With 2 σ cut on Δm �

≈ 2.7 nb-1 �

Patrick Spradlin �
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Tagged D→KK�

With 2 σ cut on Δm �

≈ 2.7 nb-1 �

Patrick Spradlin �
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44 �

Lifetime fit of untagged D0→Kπ�

•  top: mass peak �
•  top right: fit of tail of proper lifetime�
•  bottom right: result of lifetime fit for�
  different lower bound on fit region �

Plots from Marco Gersabeck: �
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Untagged D0→Kππ0 �

O. Deschamps et al., ≈ 3.4 nb-1 �
11.06.2010 � Giulia Manca �
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D→Kππ�
≈ 2.6 nb-1 �

Hamish Gordon �

11.06.2010 � Giulia Manca �
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D(s)→KKπ�
≈ 2.6 nb-1 �

Hamish Gordon �

Ds�

D �

11.06.2010 � Giulia Manca �
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D*→D0π,D0→Kπππ�

http://www-pnp.physics.ox.ac.uk/≈spradlin/CharmPeaks/D024H/Viaud/index.html�

Plots tightened w.r.t. LHCC selection – see: �

≈ 1.6 nb-1 �

Benoit Viaud �

11.06.2010 � Giulia Manca �


