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Detector	
  and	
  Data	
  

•  max	
  inst.	
  luminosity	
  	
  ~3.5	
  x	
  1033	
  cm-­‐2	
  s-­‐1	
  
–  up	
  to	
  12	
  collisions	
  /	
  event	
  on	
  average	
  

•  integrated	
  luminosity	
  about	
  5.2	
  P-­‐1	
  per	
  
experiment	
  

	
  

CMS	
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B-­‐Meson	
  Produc=on	
  	
  

•  bb-­‐produc=on	
  
mostly	
  at	
  large	
  η	
  

•  CMS	
  and	
  ATLAS	
  
sensi=ve	
  to	
  	
  
low	
  η	
  region	
  only	
  
–  expect	
  about	
  	
  
~150	
  G	
  B0	
  –pairs	
  

–  ~30	
  M	
  BS	
  →	
  J/ψφ	
  
events	
  	
  

for	
  5	
  P-­‐1	
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Di-­‐μ	
  Trigger	
  for	
  low	
  pT	
  di-­‐μ	
  Events	
  
selec=on	
  of	
  events	
  with	
  
b	
  hadron	
  using	
  two	
  μ	
  in	
  
the	
  final	
  state	
  
•  di-­‐μ:	
  	
  
~1.5-­‐14	
  GeV	
  

•  J/ψ	
  →μμ:	
  	
  
~2.5-­‐4.3	
  GeV	
  

•  intermediate	
  mμμ	
  

~4.0-­‐8.5	
  GeV	
  
•  Y→μμ:	
  ~8-­‐12	
  GeV	
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adjust	
  trigger	
  rates	
  by	
  increasing	
  thresholds	
  or	
  prescale	
  
	
   	
   	
   	
   	
   	
   	
  	
  

ATLAS	
  



Detector	
  Performance	
  I:	
  
Mass	
  Resolu=on	
  

•  excellent	
  mass	
  resolu=on	
  required	
  for	
  	
  good	
  S/B	
  performance	
  	
  
•  limited	
  par=cle	
  ID	
  (only	
  for	
  pT	
  <	
  1	
  GeV/c	
  K/π	
  –	
  separa=on	
  possible)	
  	
  	
  

σ=46±1	
  MeV/c2	
  	
  
σ=28±1	
  MeV/c2	
  	
  

Nucl.Phys.B850	
  (2011)	
  387	
  	
  Eur.Phys.J	
  C71	
  (2011)	
  1575	
  

σpT/pT	
  ~	
  1-­‐3%	
   σpT/pT	
  ~	
  5-­‐6%	
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scriptions of track selection can be found in Reference [8]) are illustrated. Figure 5 shows a
comparison of data and simulation (Pythia8 Tune 1) for the following distributions: (a) trans-
verse momentum, pT; (b) pseudorapidity, h; (c) transverse impact parameter, dxy, with respect
to the primary vertex; and (d) longitudinal impact parameter, dz, with respect to the primary
vertex.

3.2 Track Impact Parameter Resolution

The analysis described in this section is based on the 7 TeV data collected by CMS up to the
27th of May 2010 and corresponding to 10.9 nb�1. In addition to the general selection detailed
in Section 1.1, the events used for the measurement of the IP resolutions are required also to
pass the uncorrected 6 GeV jet trigger. The usage of a common trigger ensures that the tracks
used in both data and simulation are comparable in terms of track multiplicity and distribu-
tion of particle kinematic variables. The measurement of the impact parameter resolution starts
from the selection of high quality tracks that have a high probability of having been produced
promptly in the pp collision: a track must have its pT greater than 0.3 GeV/c and valid measure-
ments on at least 7 consecutive layers of the tracker, including a measurement on the innermost
pixel layers (either the barrel or one of the endcap disks). Simulation studies predict that this
simple selection is expected to reduce the fraction of fake tracks to the per mil level. For trans-
verse momenta smaller than 4 GeV/c (20 GeV/c), the fraction of non-prompt tracks that are
selected is less than 2% (10%) of the total.
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Figure 6: Measured resolution of the track transverse (a) and longitudinal (b) impact parameter
as a function of the track pT. Only central tracks with |h| < 0.4 are considered. Black and red
symbols correspond to results from data and simulation, respectively.

For each track passing these criteria, the unbiased position of the collision point is determined
using all and only the other tracks in the event with the vertex fitter described in Section 2. The
uncertainty on the position is estimated from the vertex fit and it is used to filter the newly
reconstructed vertexes. If the errors on the x and y (z) coordinates of the vertex position are
within 15–37 µm (20–36 µm), a vertex-track pair is created and used in the next step of the
analysis. These cuts on the position error have been chosen as a trade-off between selecting
vertexes that are very precisely reconstructed and having enough vertexes passing the selec-

Detector	
  Performance	
  II	
  :	
  
Impact	
  Parameter	
  Resolu=on	
  

•  good	
  impact	
  parameter	
  resolu=on	
  required	
  
for	
  life=me	
  based	
  measurement	
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Figure 10.8: Relative transverse momentum resolution (left) as a function of |h | for muons with
pT = 1 GeV (open circles), 5 GeV (full triangles) and 100 GeV (full squares). Transverse mo-
mentum, at which the multiple-scattering contribution equals the intrinsic resolution, as a function
of |h | (right).
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Figure 10.9: Transverse impact parameter, d0, resolution (left) as a function of |h | for pions with
pT = 1 GeV (open circles), 5 GeV (full triangles) and 100 GeV (full squares). Transverse mo-
mentum, at which the multiple-scattering contribution equals the intrinsic resolution, as a function
of |h | (right).

Figure 10.10: Modified longitudinal impact parameter, z0⇥ sinq , resolution (left) as a function
of |h | for pions with pT = 1 GeV (open circles), 5 GeV (full triangles) and 100 GeV (full squares).
Transverse momentum, at which the multiple-scattering contribution equals the intrinsic resolution,
as a function of |h | (right).
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Quarkonium	
  Produc=on	
  

•  produc=on	
  of	
  heavy	
  
quarkonium	
  at	
  LHC	
  offers	
  
possibility	
  to	
  test	
  QCD	
  

•  measurement	
  of	
  	
  
–  J/ψ	
  and	
  ψ(2s)	
  produc=on	
  

•  prompt	
  and	
  non-­‐prompt	
  
contribu=on	
  

– Y(1s)	
  produc=on	
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Fig. 32: Generic diagrams for J/ψ production in hadron-hadron collisions via colour-singlet and colour-octet channels.

Feynman diagram contributing to the leading-order parton cross section, fig. 32(a). At large transverse
momentum, the two internal quark propagators are off-shell by ∼ p2

t so that the parton differential cross
section scales like dσ/dp2

t ∼ 1/p8
t , as indicated in the figure. On the other hand, when pt " 2mc the

quarkonium mass can be considered small and the inclusive charmonium cross section is expected to
scale like any other single-particle inclusive cross section ∼ 1/p4

t . The dominant production mechanism
for charmonium at sufficiently large pt must thus be via fragmentation [73], the production of a parton

Fig. 32: Generic diagrams for J/ψ production in hadron-hadron collisions via colour-singlet and colour-octet channels.

Feynman diagram contributing to the leading-order parton cross section, fig. 32(a). At large transverse
momentum, the two internal quark propagators are off-shell by ∼ p2

t so that the parton differential cross
section scales like dσ/dp2

t ∼ 1/p8
t , as indicated in the figure. On the other hand, when pt " 2mc the

quarkonium mass can be considered small and the inclusive charmonium cross section is expected to
scale like any other single-particle inclusive cross section ∼ 1/p4

t . The dominant production mechanism
for charmonium at sufficiently large pt must thus be via fragmentation [73], the production of a parton

leading	
  order	
  colour	
  singlet	
  

colour-­‐octet	
  fragmenta=on	
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CMS	
  

JHEP	
  02(2012)	
  011	
  	
  

•  prompt	
  ψ(2s)	
  well	
  
reproduced	
  by	
  NLO	
  
NRQCD	
  predic=on	
  

•  improved	
  CSM	
  predic=on	
  
of	
  prompt	
  J/ψ	
  produc=on	
  
by	
  NNLO*	
  

ATLAS	
  

Nucl.	
  Phys.	
  B	
  850(2011)387	
  



Y(1s)	
  Produc=on	
  

•  only	
  prompt	
  contribu=on	
  for	
  Y(1s)	
  produc=on	
  
•  overall	
  scale	
  not	
  well	
  produced	
  by	
  theory	
  predic=on	
  

March	
  
6th	
  2012	
   Jochen	
  Schieck	
  -­‐	
  Flavour	
  Physics	
  at	
  the	
  LHC	
   11	
  

ATLAS	
  

ATLAS	
  

PLB	
  705	
  (2011)	
  9	
  PLB	
  705	
  (2011)	
  9	
  



Measurement	
  Bx-­‐Meson	
  Produc=on	
  Cross	
  Sec=on	
  

•  cross	
  sec=on	
  between	
  PYTHIA	
  and	
  MC@NLO	
  predic=on	
  
•  rapidity	
  distribu=on	
  flawer	
  than	
  PYTHIA	
  predic=on	
  	
  	
  
•  Bd	
  and	
  B+	
  cross	
  sec=on	
  in	
  good	
  agreement	
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Inclusive	
  b-­‐jet	
  Produc=on	
  	
  

•  two	
  different	
  
analysis	
  based	
  on	
  
– b-­‐jet	
  iden=fica=on	
  
– b-­‐jet	
  with	
  a	
  muon	
  

•  good	
  agreement	
  
between	
  	
  
– ATLAS	
  and	
  CMS	
  	
  
– with	
  MC@NLO	
  
predic=on	
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Figure 5: Measured b-jet cross sections in the jet and muon analyses as a function of the b-jet
pT, compared to the MC@NLO calculation and to measurements from ATLAS [21].

jet production cross section. The results of two independent but compatible analyses were
reported: a jet analysis selecting events with a b jet or a b jet, and a muon analysis requiring
in addition the presence of a muon, based on integrated luminosities of 34 pb�1 and 3 pb�1,
respectively.

The measured values of the cross section were found to lie between the MC@NLO and the
PYTHIA predictions. The previous CMS measurements of B+ [17], B0 [18], and Bs [19] pro-
duction cross sections, and an inclusive b-jet measurement with muons [16], also gave values
between these two predictions. The measurement of the b-jet production cross section pre-
sented here will provide valuable input for testing various theoretical models of b production
and for further constraining their parameters.
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Measurement	
  of	
  Λb	
  Produc=on	
  

•  reconstruc=on	
  of	
  Λb	
  via	
  decay	
  ΛbàJ/ΨΛ	
  
•  data	
  observed	
  to	
  fall	
  faster	
  in	
  pt	
  spectrum	
  than	
  Pythia	
  
•  produc=on	
  rate	
  as	
  a	
  func=on	
  of	
  η	
  and	
  Λb/Λb	
  ra=o	
  well	
  reproduced	
  by	
  MC	
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Measurement	
  of	
  Λb	
  Produc=on	
  

•  pT	
  spectrum	
  of	
  Λb	
  
falls	
  faster	
  than	
  
observed	
  B-­‐meson	
  
spectrum	
  

•  pT-­‐dependent	
  
hadroniza=on	
  
ra=o	
  of	
  baryon	
  
rela=ve	
  to	
  
mesons?	
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Observa=on	
  of	
  a	
  
new	
  χb	
  state	
  

•  quarkonium	
  bb-­‐state	
  
with	
  with	
  parallel	
  
spins	
  
– bb	
  S-­‐wave	
  state:	
  Y	
  
– bb	
  P-­‐wave	
  state:	
  χb	
  
with	
  J=0,1,2	
  triplet	
  
spin	
  state	
  	
  

– χb(1P)	
  and	
  χb(2P)	
  
experimentally	
  studied	
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Observa=on	
  of	
  a	
  new	
  χb	
  state	
  

•  reconstruc=on	
  of	
  χb	
  through	
  radia=ve	
  decays	
  
– χb(nP)à	
  Y(1S)	
  γ	
  and	
  	
  χb(nP)à	
  Y(2S)	
  γ	
  	
  	
  
– γ	
  well	
  reconstructed	
  
with	
  calorimeter	
  
measurement	
  	
  
or	
  via	
  conversion	
  	
  
to	
  e+e-­‐-­‐pairs	
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Figure 13: Event display for a χb(3P) candidate reconstructed using an unconverted photon. For this
candidate, m(µµγ) − m(µµ) + m(Υ(1S )) = 10.54 GeV
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Observa=on	
  of	
  a	
  new	
  χb	
  state	
  

m3=10.541±0.011(stat.)±0.030(syst.)	
  GeV	
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m3=10.530±0.005(stat.)±0.009(syst.)	
  GeV	
  

Theory	
  (spin	
  averaged):	
  10.525	
  GeV	
  

χb(1P)	
  
χb(2P)	
  

χb(3P)àϒ(1S)γ	
   χb(3P)àϒ(2S)γ	
  accepted	
  by	
  Phys.	
  Rev.	
  Le_	
  
(arXiv:	
  1112:5154)	
  

ATLAS	
  

ATLAS	
  

χb(1P)	
  
χb(2P)	
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B	
  Life=me	
  Measurements	
  

•  average	
  B	
  Life=me	
  using	
  	
  
	
  
•  use	
  pseudo	
  proper	
  =me:	
  

•  J/ψ	
  	
  carries	
  only	
  part	
  of	
  	
  
the	
  ini=al	
  pT	
  of	
  B-­‐Meson	
  
Ø correc=on	
  factor	
  F	
  to	
  take	
  momentum	
  difference	
  
between	
  B	
  and	
  J/ψ	
  into	
  account	
  	
  
determined	
  from	
  MC	
  weighted	
  according	
  to	
  BaBar	
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Bx → J /ψX→ µ+µ−X

τ B =
LXY ⋅mB

PDG

pT(B)
=

LXY ⋅mJ/ψ
PDG

pT(J/ψ)
⋅F
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B	
  Life=me	
  Measurements	
  

•  main	
  systema=c	
  
uncertainty	
  for	
  
preliminary	
  
measurement:	
  
–  =me	
  background	
  model	
  
–  residual	
  misalignment	
  

•  improved	
  systema=c	
  
uncertainty	
  expected	
  
for	
  final	
  publica=on	
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<τB>=	
  1.489±0.016(stat.)±0.043(syst)	
  ps	
  
(PDG:1.568±0.009	
  ps	
  dominated	
  by	
  LEP)	
  

ATLAS	
  

•  no	
  life=me	
  bias	
  in	
  trigger	
  selec=on	
  



Exclusive	
  Life=me	
  Measurement	
  
•  measure	
  life=me	
  	
  
of	
  exclusive	
  
reconstructed	
  
events:	
  

	
  	
  	
  	
  and	
  
•  detector	
  
performance	
  well	
  
understood	
  
–  important	
  milestone	
  
for	
  	
  successful	
  	
  
CP-­‐viola=on	
  
measurement	
  of	
  βs	
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BS → J/ψφ
Bd → J/ψK*0

τBs=1.41±0.08(stat.)±0.05(syst.)	
  

ATLAS	
  
ATLAS-­‐CONF-­‐2011-­‐092	
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  DECAYS	
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Search	
  for	
  Rare	
  B-­‐Decays	
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•  flavour	
  changing	
  neutral	
  
currents	
  (FCNC)	
  are	
  highly	
  
suppressed	
  in	
  the	
  Standard	
  
Model	
  

•  branching	
  ra=o	
  might	
  be	
  
substan=ally	
  enhanced	
  by	
  
coupling	
  to	
  non-­‐SM	
  par=cles	
  

•  orthogonal	
  search	
  for	
  physics	
  
beyond	
  the	
  standard	
  model	
  

Br(Bs → µ+µ− ) = (3.2 ± 0.2)×10−9

Br(Bd → µ+µ− ) = (1.0 ± 0.1)×10−10



Search	
  for	
  Rare	
  Decays	
  

•  summarize	
  only	
  recent	
  ATLAS	
  results	
  	
  
–  	
  see	
  dedicated	
  talk	
  for	
  latest	
  CMS	
  results	
  by	
  Luca	
  Mar=ni	
  

•  ATLAS	
  profits	
  from	
  large	
  luminosity	
  
–  integrated	
  luminosity	
  2.4	
  P-­‐1	
  
–  expected	
  mass	
  resolu=on:	
  

•  ATLAS:	
  σBàμμ	
  ~	
  60	
  (barrel)	
  –	
  110	
  (forward)	
  MeV	
  
•  main	
  background	
  sources:	
  

•  con=nuum	
  with	
  smooth	
  di-­‐muon	
  invariant	
  mass	
  
–  es=mated	
  from	
  sidebands	
  
–  dominant	
  background	
  contribu=on	
  

•  resonant	
  contribu=on	
  from	
  mis-­‐reconstructed	
  decays	
  
–  irreducible	
  background,	
  es=mated	
  with	
  MC	
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Search	
  for	
  Rare	
  Decays	
  

•  select	
  events	
  based	
  on	
  their	
  
decay	
  topology	
  
– use	
  boosted	
  decision	
  tree	
  
(BDT)	
  classifier	
  calculated	
  
with	
  14	
  input	
  variables	
  

– selec=on	
  independent	
  from	
  
number	
  of	
  primary	
  ver=ces	
  

•  calculate	
  branching	
  ra=o	
  
with	
  respect	
  to	
  high	
  sta=s=c	
  
decay	
  mode	
  (BdàJ/ψK)	
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PV

α

p
µµ

µ

µ

l
3D

3D

with	
  primary	
  vertex	
  
associa=on	
  

without	
  primary	
  vertex	
  
associa=on	
  



Search	
  for	
  Rare	
  Decays	
  
•  op=miza=on	
  and	
  es=ma=on	
  of	
  

background	
  events	
  performed	
  on	
  
different	
  sideband	
  event	
  samples	
  
–  avoid	
  bias	
  on	
  expected	
  limit	
  	
  

•  use	
  different	
  categories	
  in	
  mass	
  
resolu=on	
  (in	
  η)	
  

March	
  
6th	
  2012	
   Jochen	
  Schieck	
  -­‐	
  Flavour	
  Physics	
  at	
  the	
  LHC	
   27	
  

|ηmax|	
   0-­‐1.0	
   1.0-­‐1.5	
   1.5-­‐2.5	
  

side	
  band	
  count	
  Nbg	
  
(even	
  numbered	
  events)	
  

5	
   0	
   2	
  

bkg.	
  scaling	
  factor	
   1.29	
   1.14	
   0.88	
  

expected	
  resonant	
  bg	
   0.1	
   0.06	
   0.08	
  

search	
  region	
  count	
  Nsig	
   2	
   1	
   0	
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Search	
  for	
  Rare	
  Decays	
  

ATLAS:	
  Br(Bsàμ+μ-­‐)<2.2	
  x	
  10-­‐8	
  (2.4	
  P-­‐1)	
  

CMS:	
  Br(Bsàμ+μ-­‐)<7.7	
  x	
  10-­‐9	
  	
  (4.9	
  	
  P-­‐1)	
  

LHCb:	
  	
  Br(Bsàμ+μ-­‐)<4.5	
  x	
  10-­‐9	
  	
  (1	
  P-­‐1)	
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(at	
  95%	
  CL)	
  

•  no	
  excess	
  of	
  signal	
  
events	
  over	
  expected	
  
background	
  observed	
  
–  limit	
  on	
  branching	
  
ra=o	
  

–  expected	
  limit:	
  	
  
Brexp:(2.3+1.0-­‐0.5)x10-­‐8	
  

•  measurement	
  
consistent	
  with	
  
expecta=on	
  from	
  SM	
  
(BrSM:	
  (3.5±0.3)x10-­‐9)	
  

]-8)[10-µ+µAs
0BR(B

0 1 2 3 4 5

s
C

L

-310

-210

-110

1 Observed CLs

Expected CLs - Median

m 1 ±Expected CLs 

m 2 ±Expected CLs 

ATLAS
Preliminary

 = 7 TeVs
-1 Ldt = 2.4 fb0



Conclusion	
  

•  large	
  available	
  sta=s=cs	
  and	
  excellent	
  detector	
  
performance	
  allow	
  compe==ve	
  heavy	
  flavour	
  
measurements	
  at	
  ATLAS	
  and	
  CMS	
  	
  
– measurements	
  of	
  heavy	
  quark	
  produc=on	
  cross	
  
sec=ons	
  allow	
  precise	
  studies	
  of	
  QCD	
  

–  observa=on	
  of	
  new	
  quarkonium	
  state	
  χb(3P)	
  
–  life=me	
  measurements	
  show	
  excellent	
  detector	
  
performance	
  and	
  open	
  the	
  possibility	
  for	
  =me	
  
dependent	
  CPV-­‐measurements	
  

–  no	
  sign	
  for	
  enhanced	
  branching	
  ra=o	
  in	
  rare	
  decays	
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J/Ψ	
  and	
  Ψ(2s)	
  Produc=on	
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J/Ψ	
  and	
  Ψ(2s)	
  Produc=on	
  

•  ra=o	
  J/ψ	
  /	
  ψ(2S)	
  well	
  described	
  by	
  Theory	
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