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¥! '()*+" ,)*-./ "0/-1.23-4 	
  measured	
  at	
  5-6(/" (4(/7+"8)1/-4"
2-5591(/:"

	
   	
  à	
  ;<0/-*(<(4= 	
  in	
  the	
  (>0(/9<(4=)5"<(=8-1:" and	
  =8(-/(32)5"
" " "2)52.5)3-4:"

"
¥! LHC	
  (7	
  TeV):	
  

¥! Test	
  of	
  QCD	
  at	
  a	
  higher	
  centre-­‐of-­‐mass	
  energy	
  
¥! Much	
  higher	
  luminosity	
  à	
  much	
  beber	
  precision	
  	
  

¥! '()*+" ,)*-./ "0/-1.23-4" forms	
  9<0-/=)4="?)2@7/-.41"in	
  
searches	
  for	
  Higgs/new	
  phenomena	
  

	
  	
  	
  	
  	
   	
   	
  à	
  Precision	
  measurement	
  to	
  improve	
  sensi;vity	
  of	
  searches	
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= 7 TeVsTruth jets, 

PYTHIA	
  predic.ons	
  for	
  
inclusive	
  b-­‐jet	
  produc.on	
  (B-­‐

hadron	
  pT>5	
  GeV	
  –	
  using	
  truth	
  
par.cle	
  jets)	
  

Mo;va;on	
  
	
  

¥! '()*+" ,)*-./ "0/-1.23-4A"
¥! Can	
  be	
  approximately	
  split	
  into	
  &"<(28)49:<:"depending	
  on	
  how	
  many	
  heavy	
  

quarks	
  par;cipate	
  in	
  the	
  hard	
  interac;on	
  
	
  
	
  
B5.-4":059C47"in	
  parton	
  
shower	
  in	
  ini;al	
  or	
  final	
  
state.	
  No	
  heavy	
  flavour	
  
quark	
  in	
  the	
  hard	
  interac;on	
  
at	
  all	
  
	
  

D.)/@"E)9/"2/()3-4"2	
  
heavy	
  quarks	
  in	
  the	
  hard	
  
interac;on	
  

'()*+" F5)*-./ "G.)/@"
(>29=)3-4"H'FIJK"1	
  heavy	
  
flavour	
  parton	
  from	
  proton	
  sea	
  
or	
  from	
  ini;al	
  state	
  shower	
  
scabers	
  in	
  the	
  hard	
  interac;on	
  
	
  
	
  



	
  
	
  
	
  
¥! Different	
  approaches	
  to	
  <():./("'F"0/-1.23-4" in	
  ATLAS:	
  

¥! Inclusive	
  b-­‐jet	
  cross	
  sec;on	
  measurement:	
  
¥! Direct	
  comparison	
  of	
  the	
  cross-­‐sec;on	
  with	
  theore;cal	
  calcula;ons	
  	
  

¥! BUT:	
  doesn’t	
  give	
  a	
  real	
  insight	
  into	
  the	
  underlying	
  physics	
  

¥! bb	
  cross	
  sec;on:	
  
¥! Direct	
  test	
  of	
  the	
  b-­‐quark	
  pair	
  crea;on	
  
	
  

¥! '-6(*(/"??"L4)5":=)=("2-4:3=.=(:"-45+")":<)55"M/)23-4"-M"=8("
=-=)5"8()*+",)*-./ "G.)/@"0/-1.23-4"HNNO"NPO"N#O"##O"#PO"(=2Q"K"

¥! Measure	
  heavy	
  flavour	
  produc;on	
  using	
  full	
  flavour	
  decomposi;on	
  
of	
  the	
  dijet	
  events	
  

¥! Possibility	
  to	
  dis;nguish	
  different	
  sub-­‐process	
  produc;on	
  
mechanisms	
  (e.g.	
  HFEX	
  and	
  gluon	
  splihng	
  contribu;ng	
  to	
  BU/CU	
  and	
  
back-­‐to-­‐back	
  topology	
  to	
  limit	
  their	
  contamina;on	
  to	
  BB/CC)	
  

R"

Mo;va;on	
  
	
  



	
  
	
  
	
  

¥! 34	
  pb-­‐1	
  of	
  2010	
  data	
  from	
  7	
  TeV	
  pp	
  collisions	
  

¥! S(+T947/(19(4=A"UVW"
¥! Life;me-­‐based	
  b-­‐tagging	
  algorithm	
  using	
  secondary	
  decay	
  ver;ces	
  of	
  b-­‐hadrons	
  in	
  jets	
  	
  

¥! X6- 	
  <():./(<(4=: :	
  

	
  
¥! Object	
  selec;on:	
  

¥! Events:	
  1	
  PV	
  reconstructed	
  with	
  at	
  least	
  10	
  tracks	
  with	
  pT>150	
  MeV	
  
¥! Using	
  jet	
  trigger	
  (except	
  for	
  the	
  lowest	
  bin,	
  MBTS)	
  
¥! Jets:	
  Reconstructed	
  with	
  the	
  an;	
  kt	
  algorithm	
  with	
  a	
  jet	
  radius	
  parameter	
  R=0.4	
  

¥! If	
  B	
  hadron	
  with	
  pT>5	
  GeV	
  within	
  ΔR=√(Δφ2+Δη2)=0.3	
  around	
  jet	
  axis	
  à	
  ?TY(="
¥! If	
  not,	
  but	
  C	
  hadron	
  in	
  cone	
  à	
  2TY(="
¥! Else	
  à	
  5978="Y(="

	
  
	
  	
  

;425.:9*("?TY(="0/-1.23-4"2/-::T:(23-4 "" ???)/ "0/-1.23-4"2/-::T:(23-4"

Measured	
  vs	
  pT,	
  y	
   Measured	
  vs	
  mjj,	
  Δϕ,	
  χ=exp|y1-­‐y2|	
  

20	
  <	
  pT	
  <	
  400	
  GeV,	
  |y|	
  <	
  2.1 	
  	
   2	
  jets	
  (pT	
  >	
  40	
  GeV,	
  |y|	
  <	
  2.1)	
  
mjj	
  >	
  110	
  GeV	
  

Compared	
  to	
  NLO	
  QCD	
  MC	
  (Powheg,	
  MC@NLO)	
  and	
  Pythia	
  6.423	
  

Z"
Flavou

r	
  

labelli
ng	
  

Analyses	
  based	
  on	
  b-­‐tagging:	
  overview	
  



Analyses	
  method	
  
	
  

¥! Reconstruct	
  SV	
  in	
  jets	
  
¥! Require	
  large	
  decay	
  length	
  significance	
  to	
  enrich	
  b-­‐jet	
  

component	
  in	
  sample	
  (Njets)	
  
¥! Fit	
  to	
  SV	
  mass	
  distribu;on	
  to	
  extract	
  the	
  b-­‐jet	
  frac;on	
  (fracb)	
  
	
  

d 2σ b

dpTdy
=

Njets. fracb

εtrig ⋅εrec ⋅εsel ⋅εbtag ⋅L
×C

N jets

fracb
! trig
! rec

! sel
! btag
L
C

Number	
  of	
  SV0-­‐tagged	
  jets	
  	
  
Frac;on	
  of	
  them	
  that	
  are	
  b-­‐jets	
  (found	
  from	
  template	
  fit)/purity	
  	
  
Trigger	
  efficiency	
  
Jet	
  reconstruc;on	
  efficiency	
  (~100%)	
  
Taggable	
  jet	
  selec;on	
  (>99%)	
  "
b-­‐tagging	
  efficiency	
  	
  
Luminosity	
  for	
  the	
  triggers	
  used,	
  corrected	
  for	
  any	
  selec;on	
  (eg.	
  Pileup	
  related)	
  
Unfolding	
  correc;on	
  (obtained	
  from	
  pythia:	
  ra;o	
  of	
  the	
  cross	
  sec;ons	
  obtained	
  at	
  par;cle	
  level	
  and	
  reconstructed	
  b	
  jet)	
  

	
  
$"



w(SV0) =
L3D

! L3D

	
  

	
  	
  
	
  

¥! U974(1"1(2)+"5(47=8":9749L2)42("-M"=8("UV"
¥! Sign	
  given	
  by	
  the	
  projec;on	
  of	
  the	
  decay	
  length	
  

vector	
  on	
  the	
  jet	
  axis	
  
¥! Jets	
  with	
  6HUVWK[RQ\R"referred	
  as	
  ?T=)77(1"Y(=:"
¥! 5.85	
  chosen	
  such	
  that	
  it	
  produces	
  a	
  50%	
  b-­‐

tagging	
  efficiency	
  for	
  b-­‐jets	
  in	
  simulated	
  bbar	
  
events	
  

	
  
	
  
	
  

RQ\R"

] Y(=:"

\"

b-­‐tagging:	
  SV0	
  	
  



¥! Obtained	
  performing	
  a	
  =(<05)=("L="=-"=8("UV"<)::"19:=/9?.3-4"

Purity	
  (fracb)	
  
	
  	
  

^"

¥! ;425.:9*("0/-1.23-4A""
¥! Using	
  vertex	
  mass,	
  fit	
  for	
  each	
  pT	
  and	
  y	
  

regions	
  separately	
  
¥! 3	
  templates:	
  b,	
  c	
  and	
  light	
  (extracted	
  

from	
  MC)	
  

¥! _9Y(="0/-1.23-4A"
¥! Template	
  fit	
  to	
  the	
  sum	
  of	
  the	
  vertex	
  

masses	
  of	
  the	
  2	
  b-­‐tagged	
  jets	
  
¥! 2	
  templates:	
  b	
  and	
  non-­‐b	
  where	
  at	
  least	
  

1	
  of	
  the	
  jets	
  is	
  not	
  a	
  b	
  (also	
  extracted	
  
from	
  MC)	
  



¥! Measured	
  on	
  Y(=:"69=8"<.-4: ,	
  using	
  the	
  0X/(5	
  method	
  	
  
¥! pTrel:	
  momentum	
  of	
  the	
  muon	
  transverse	
  to	
  the	
  muon+jet	
  axis	
  

¥! Discrimina;ng	
  power	
  of	
  pTrel	
  decreasing	
  with	
  increasing	
  jet	
  pt	
  
à!hence	
  the	
  59<9="-M"=8("/)47(	
  (pT<140	
  GeV)	
  

	
  
¥! Extended	
  to	
  all	
  jets	
  (not	
  only	
  SL)	
  à	
  Adding	
  a	
  systema;c	
  uncertainty	
  
	
  

¥! Jets	
  with	
  pT	
  >	
  140	
  GeV:	
  	
  
¥! εbtag	
  derived	
  from	
  simula;on	
  +	
  correc;on	
  factor	
  applied	
  

b-­‐tagging	
  efficiency	
  (εbtag)	
  

	
  Before	
  	
  
tagging	
  

εb
data =

fb
tag ⋅Ntag

fb ⋅N
⋅ k fb

tag  and fb, obtained from a fit of the templates
k	
  corrects	
  for	
  biases	
  introduced	
  by	
  differences	
  between	
  data	
  and	
  MC	
  in	
  the	
  modeling	
  of	
  the	
  b-­‐
hadron	
  direc;on	
  and	
  by	
  HF	
  contamina;on	
  of	
  the	
  light	
  pTrel	
  template	
  typically	
  a	
  few	
  %	
  

A{er	
  tagging	
  
(w(sv0)>5.85)	
  

N	
   Ntag	
  

%W"



¥! X8("0X/(5"19:=/9?.3-4".:(1"):" )"19:2/9<94)4="*)/9)?5("=-"
<():./("=8("9425.:9*("?TY(="2/-::":(23-4"19/(2=5+"

¥! `)47(A"&W"a"0X"a"%bW"B(V"

¥! Sta;s;cally	
  limited	
  and	
  cannot	
  be	
  used	
  beyond	
  140	
  GeV	
  

¥! BUT:	
  	
  
¥! Provides	
  a	
  useful	
  cross-­‐check	
  of	
  the	
  life;me-­‐based	
  
measurement	
  

¥! Many	
  systema;c	
  uncertain;es	
  are	
  different	
  

Muon-­‐based	
  measurement	
  

%%"



Systema;c	
  uncertain;es	
  

¥! Summary	
  of	
  the	
  most	
  important	
  systema;c	
  uncertain;es:	
  

%!"



Incl.	
  b-­‐jet	
  cross-­‐sec;on:	
  measurement	
  

¥! b-­‐jets	
  with	
  |y|	
  <	
  2.1	
  
¥! Pythia	
  predic;on	
  scaled	
  (x0.67)	
  to	
  the	
  

measured	
  integrated	
  cross-­‐sec;on	
  
	
  

Inclusive	
  differen;al	
  cross-­‐sec;on	
  

Inclusive	
  double-­‐differen;al	
  cross-­‐sec;on	
  	
  

#-<0)/9:-4"-M"=8("UVW")41"<.-4 T?):(1"<():./(<(4=:A"

%&"



`)3-"-M"=8("<():./(1"2/-::T:(23-4:"=-"=8("=8(-/+"0/(1923-4:"-M""
"

""""Ecd'IB "" " " " ")41 """""""""""" " "e#f]gc""

Incl.	
  b-­‐jet	
  σ:	
  comparison	
  with	
  MC	
  

¥! UV")41"<.-4 T?):(1"<(=8-1:":8-6")"7--1")7/((<(4="94"=8("-*(/5)0"/(79-4"
¥! e#f]gc".41(/(:3<)=(:"9425.:9*("?TY(="2/-::T:(23-4")="8978" 0Xh2(4=/)5"i+i"

¥! ;4:.j29(4="2-4=/9?.3-4"-M"-4("-M"=8("0/-1.23-4"<(28)49:<:k"H:5bK"

"

Full	
  rapidity	
  
acceptance	
  

	
  
	
  
	
  

For	
  each	
  of	
  
the	
  rapidity	
  
ranges	
  

%b"



¥! b-­‐jets	
  with	
  pT	
  >	
  40	
  GeV	
  and	
  |y|	
  <	
  2.1	
  	
  
¥! Pythia	
  predic;on	
  scaled	
  (x0.85)	
  to	
  the	
  

measured	
  integrated	
  cross-­‐sec;on	
  

bbbar	
  cross-­‐sec;on	
  

¥! B--1")7/((<(4="69=8"?-=8"
E-68(7 ")41"e#f]gc")41"
E+=89)l:":8)0("

¥! E/-4-.42(1"?)2@T=-T?)2@"
2-4L7./)3-4"94"=8("=/)4:*(/:("
05)4("

%R"



Flavour	
  composi;on	
  on	
  dijets:	
  overview	
  
	
  
	
  

¥! &^"0?T%	
  of	
  !W%W	
  data	
  from	
  $"X(V"collisions	
  

¥! Simultaneous	
  measurement	
  of	
  all	
  six	
  dijet	
  flavour	
  states	
  	
  
	
   	
   	
  	
  	
  	
  NNO"N#O"##O"NPO"#PO"PP""

	
  w.r.t.	
  leading	
  jet	
  pT	
  in	
  40	
  <	
  pT	
  <	
  500	
  GeV	
  range,	
  |y|<2.1	
  
	
  
¥! N#O"##")41"#P"<():./(<(4=:A"L/:=")="=8("g'#"

¥! Compared	
  to	
  Pythia,	
  Herwig	
  and	
  NLO	
  generator	
  Powheg	
  

¥! No	
  b-­‐tagging	
  efficiency	
  dependence/systema;cs	
  

	
  
	
  	
  

%Z"
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¥! _9TY(="(≡2	
  leading	
  jets	
  back-­‐to-­‐back	
  in	
  ID	
  acceptance	
  |y|<2.1)	
  L4)5":=)=(:"can	
  
be	
  decomposed	
  into	
  Z",)*-./ "M/)23-4::	
  

¥! UU	
  (light+light)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ~83%	
  
¥! CU	
  (charm+light)	
  	
  	
  	
  	
  	
  	
  	
  ~11%	
  
¥! BU	
  (beauty+light)	
  	
  	
  	
  	
  	
  	
  ~4%	
  
¥! CC	
  (charm+charm)	
  	
  	
  	
  	
  ~1%	
  
¥! BB	
  (beauty+beauty)	
  	
  	
  ~0.6%	
  
¥! BC	
  (beauty+charm)	
  	
  	
  	
  ~0.3%	
  

	
  

PYTHIA	
  predic;on	
  :	
  

%$"



 (Light)ZW

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

 (L
ig

ht
)

Z
B

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1
ATLAS
Simulation, Pythia 6.423

 in [60,80] GeV
T

Jet p

 (Charm)�Z�W

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

 (
C

ha
rm

)
�Z

B

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

 (Bottom)�Z�W

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
 (

B
ot

to
m

)
�Z

B
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

%\"

	
  
	
  
	
  

¥! I>05-9="/(2-4:=/.2=(1"UV"94"Y(=:O"4-",)*-./: ")::974(1"=-"9419*91.)5"Y(=:"
¥! Kinema;c	
  proper;es	
  of	
  tracks	
  associated	
  with	
  SV	
  used	
  to	
  dis;nguish	
  

between	
  light,	
  charm	
  and	
  bobom	
  jets	
  
à!specially	
  constructed	
  and	
  op;mised	
  variables	
  of	
  jets	
  have	
  been	
  

employed:	
  
	
  

"0/-1.2=A" " 	
   	
   	
  	
   	
   	
   	
   	
  ?--:= A"
	
  

	
  
¥! Highly	
  sensi;ve	
  to	
  the	
  flavour	
  content:	
  	
  

	
  
¥! The	
  dijet	
  frac;ons	
  are	
  determined	
  from	
  a	
  mul;dimensional	
  fit	
  using	
  

templates	
  of	
  these	
  variables	
  (next	
  slide)	
  

! =
mvertex " 0.4GeV

mB

#
Eitrack

vertex

$
Eitrack

jet

$
B =

mB ⋅

PΤitrack

vertex

∑
mvertex ⋅ PTjet

Analysis	
  method	
  

I>2(55(4=""
?-m-<h28)/<"

:(0)/)3-4n"

g " " " """"#" " " """""""""N"



Analysis	
  method	
  

%^"

Full	
  set	
  of	
  parameters	
  of	
  the	
  di-­‐jet	
  flavour	
  model:	
  	
  
MNN"–	
  frac;on	
  of	
  b-­‐jet	
  pairs	
  in	
  di-­‐jet	
  event	
  
M##	
  –	
  frac;on	
  of	
  c-­‐jet	
  pairs	
  in	
  di-­‐jet	
  event	
  
MNP	
  –	
  frac;on	
  of	
  b-­‐jet	
  plus	
  u-­‐jet	
  in	
  di-­‐jet	
  event	
  
M#P"–	
  frac;on	
  of	
  c-­‐jet	
  plus	
  u-­‐jet	
  in	
  di-­‐jet	
  event	
  
MN#	
  –	
  frac;on	
  of	
  b-­‐jet	
  plus	
  c-­‐jet	
  in	
  di-­‐jet	
  event	
  
MPPHo%TMNNTMN#TM##TMNPTM#PK"–	
  frac;on	
  of	
  light	
  jet	
  pairs	
  in	
  di-­‐jet	
  event	
  
*NO*#HL>(1K	
  –	
  beauty	
  and	
  charm	
  vertex	
  reconstruc;on	
  efficiencies	
  
: * .

gO":* .
Ug"	
  –	
  scale	
  factors	
  for	
  the	
  pΤ	
  dependent	
  efficiencies	
  from	
  MC	
  

pN	
  –	
  beauty	
  di-­‐jet	
  flavour	
  asymmetry	
  
p#"HL>(1K"–	
  charm	
  di-­‐jet	
  flavour	
  asymmetry	
  
?! 	
  –	
  admixture	
  of	
  2b-­‐jet	
  template	
  	
  
2!"HL>(1")="WK"–	
  admixture	
  of	
  2c-­‐jet	
  template	
  

B(! " ,B" )# (1$b2)%B(!
" ,B" )+b2 %B2(!

" ,B" )

F94)5"1)=)"L="0/-2(1./("8):"^"*)/9)?5(:""

Introduc;on	
  of	
  an	
  
addi;onal	
  template	
  
made	
  from	
  b-­‐jets	
  
with	
  2	
  b-­‐hadrons	
  

!
"
=

#
"
#$%

#
"
$%

! !

Measures	
  the	
  difference	
  in	
  
b-­‐hadron	
  content	
  
between	
  LJ	
  and	
  NLJ	
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Object	
  selec;on	
  
	
  
¥! Events	
  

¥! 1	
  PV	
  reconstructed	
  with	
  at	
  least	
  10	
  tracks	
  with	
  pT>150	
  MeV	
  
¥! Trigger:	
  using	
  different	
  single-­‐jet	
  triggers	
  depending	
  on	
  the	
  LJ	
  pT	
  bin	
  
	
  	
  

¥! Jets	
  
¥! Same	
  selec;on	
  and	
  labelling	
  as	
  for	
  the	
  previous	
  analysis	
  

¥! Dijets	
  
¥! i qr i[!Q%"/)1"=-"?("2-4:9:=(4="69=8")"?)2@T=-T?)2@"=-0-5-7+"
¥! 6	
  bins	
  of	
  leading	
  (LJ)	
  and	
  subleading	
  (NLJ)	
  jets:	
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Results	
  
¥! Admixture	
  of	
  jets	
  containing	
  two	
  b-­‐hadrons	
  

¥! E-68(7 "/(0/-1.2(:"6(55"=8("?TY(="
):+<<(=/+"

¥! gc"7(4(/)=-/:"1-4l="
	
  

¥! #-4=/9?.3-4"-M"Y(=:"69=8"!"?T8)1/-4:"
*(/+"19s(/(4="M/-<"E+=89)"HWK"

¥! U9749L2)42("-M"=8("1(*9)3-4":8-6:"
=8("9<0-/=)42("-M"=89:"2-4=/9?.3-4"
M-/")"2-//(2="1(:2/903-4"-M"=8("1)=)"

¥! b-­‐jet	
  asymmetry	
   !
"
=

#
"
#$%

#
"
$%

! !
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Unfolded	
  frac;ons	
  compared	
  to	
  MC	
  at	
  truth	
  level	
  

Results	
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Summary	
  
	
   All	
  R"19Y(="L4)5":=)=(:"69=8"'F"reliably	
  

(>=/)2=(1	
  and	
  <():./(1 	
  vs	
  LJ	
  pT	
  
¥! N#O"##")41"#PA"L/:=")="=8("g'#"
¥! All	
  generators	
  consistent	
  with	
  each	
  other	
  

and	
  with	
  data	
  
¥! Except	
  for	
  BU	
  which	
  is	
  measured	
  

systema;cally	
  above	
  all	
  the	
  predic;ons	
  in	
  
the	
  high	
  pT	
  region	
  

Significant	
  difference	
  in	
  the	
  b-­‐hadron	
  content	
  
between	
  LJ	
  and	
  NLJ	
  observed:	
  
¥! This	
  ):+<<(=/+ 	
  is	
  poorly	
  described	
  in	
  pythia	
  

and	
  herwig	
  	
  
¥! NLO	
  generator	
  E-68(7 "/(0/-1.2(:"=8("1)=)"

6(55"

Deficiency	
  of	
  the	
  Pythia	
  b-­‐jet	
  template:	
  
¥! Increase	
  of	
  2-­‐b-­‐hadron	
  jets	
  template	
  

contribu;on	
  improves	
  the	
  data/MC	
  
agreement	
  

;425.:9*("?TY(="2/-::T:(23-4""
¥! Using	
  2	
  independent	
  methods	
  	
  	
  

(SV0/muons)	
  à	
  B--1")7/((<(4="
¥! Comparison	
  to	
  MC:	
  

¥! NLO	
  Powheg:	
  good	
  agreement	
  
¥! NLO	
  MC@NLO:	
  underes;mates	
  

cross-­‐sec;on	
  at	
  high	
  pT	
  
¥! Normalised	
  LO	
  pythia:	
  good	
  

agreement	
  in	
  shape	
  

???)/ "2/-::T:(23-4""
¥! Good	
  agreement	
  with	
  Powheg,	
  

MC@NLO	
  and	
  in	
  shape	
  with	
  
normalised	
  Pythia	
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Detector	
  

!R"

pXgpU"Hp"X-/-91)5"g82"p00)/)=.U K"



Sub-­‐detectors	
  

!Z"



The	
  bbbar-­‐dijet	
  cross-­‐sec.on	
  as	
  a	
  func.on	
  of	
  chi	
  for	
  b-­‐jets	
  with	
  pT	
  >	
  40	
  GeV,	
  |y|	
  <	
  2.1	
  
and	
  |yboost|	
  =	
  |y1+y2|/2	
  <	
  1.1,	
  for	
  two	
  dijet	
  invariant	
  mass	
  ranges.	
  	
  

Results	
  (bbbar)	
  

¥! B--1")7/((<(4="69=8"?-=8"E-68(7 ")41"e#f]gc")41" E+=89)l:":8)0("

!$"



Gluon	
  splihng	
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Differences	
  in	
  heavy	
  flavour	
  rate	
  in	
  leading	
  and	
  subleading	
  jets	
  
-­‐semi-­‐leptonic	
  decays	
  of	
  HF	
  hadrons	
  decrease	
  the	
  jet	
  energy…	
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Systema;c	
  uncertain;es	
  
¥! Summary	
  of	
  the	
  most	
  important	
  systema;c	
  uncertain;es:	
  

¥! tIU:	
  	
  
¥! One	
  of	
  the	
  major	
  systema;c	
  uncertain;es	
  for	
  all	
  flavour	
  frac;ons:	
  	
  
¥! For	
  fBU	
  and	
  fCU	
  it	
  varies	
  from	
  absolute	
  values	
  of	
  0.1%	
  and	
  1.1%	
  

¥! V(/=(>"/(2-4:=/.23-4"(j29(42+A""
¥! Uncertainty	
  due	
  to	
  vb	
  efficiency	
  comparable	
  to	
  JES	
  uncertainty	
  for	
  

frac;ons	
  with	
  b	
  -­‐	
  small	
  otherwise	
  	
  
¥! Similarly	
  uncertainty	
  driven	
  by	
  vc	
  efficiency	
  important	
  for	
  frac;ons	
  with	
  c	
  

¥! e#"=(<05)=(:A"
¥! Shapes:	
  0.06%	
  to	
  1.3%	
  for	
  the	
  fCU	
  frac;on,	
  0.08%	
  to	
  0.2%	
  for	
  fCC,	
  small	
  

for	
  other	
  frac;ons	
  	
  
¥! U<()/947"
¥! P4M-51947"0/-2(1./(:	
  	
  

¥! Comparable	
  to	
  JES	
  and	
  template	
  shape	
  for	
  fCC,	
  fBU	
  and	
  fCU	
  
¥! Rela;vely	
  small	
  in	
  all	
  other	
  cases	
  

19-­‐21:	
  three	
  text	
  slides	
  in	
  row.	
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Summary:	
  b-­‐jet	
  tagging	
  

¥! ;425.:9*("?TY(="2/-::T:(23-4"measured	
  vs.	
  jet	
  pT	
  in	
  20	
  <	
  pT	
  <	
  400	
  GeV	
  and	
  |y|	
  
<	
  2.1	
  using	
  a	
  SV	
  

¥! Using	
  2	
  independent	
  methods	
  (SV0/muons)	
  	
  
¥! Good	
  agreement	
  

¥! Comparison	
  to	
  MC:	
  
¥! NLO	
  Powheg:	
  good	
  agreement	
  over	
  the	
  full	
  range	
  	
  
¥! NLO	
  MC@NLO:	
  significantly	
  different	
  behaviour	
  
¥! Normalised	
  LO	
  pythia:	
  shows	
  a	
  good	
  agreement	
  in	
  shape	
  

¥! ???)/T19Y(="2/-::T:(23-4"measured	
  vs	
  mjj	
  in	
  110	
  <	
  mjj	
  <	
  760	
  GeV	
  and	
  as	
  a	
  
func;on	
  of	
  Δϕ	
  and	
  χ	
  (back-­‐up):	
  

¥! Good	
  agreement	
  with	
  Powheg,	
  MC@NLO	
  and	
  in	
  shape	
  with	
  normalised	
  
Pythia	
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Summary:	
  flavour	
  decomposi;on	
  

	
  
¥! All	
  5	
  19Y(="final	
  states	
  69=8"'F"/(59)?5+"(>=/)2=(1")41"<():./(1	
  vs	
  LJ	
  pT	
  

¥! N#O"##")41"#PA"L/:=")="=8("g'#"

¥! All	
  generators	
  consistent	
  with	
  each	
  other	
  and	
  with	
  data	
  
¥! Except	
  for	
  BU	
  which	
  is	
  measured	
  systema;cally	
  above	
  all	
  the	
  predic;ons	
  

in	
  the	
  high	
  pT	
  region	
  

¥! p":9749L2)4="19s(/(42("94"=8("?T8)1/-4"2-4=(4="?(=6((4"gt")41"]gt"9:"
-?:(/*(1A"

¥! This	
  asymmetry	
  is	
  poorly	
  described	
  in	
  pythia	
  and	
  herwig	
  whereas	
  NLO	
  
generator	
  E-68(7 "/(0/-1.2(:"=8("1)=)"6(55"

¥! p"1(L29(42+"-M"=8("?TY(="=(<05)=("-?=)94(1"69=8"0+=89)"9:"1(<-4:=/)=(1A	
  
¥! An	
  increase	
  of	
  the	
  template	
  contribu;on	
  describing	
  jets	
  with	
  2-­‐b	
  hadrons	
  

inside	
  substan;ally	
  improves	
  the	
  agreement	
  between	
  data	
  and	
  MC	
  


