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Motivation
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()" )= "0/-1.23-4 measured at 5-6(/" (4(/7+"8)1/-4"
2-5591(/:"
- <0/-*(<(4= inthe (>0(/9<(4=)5"<(=8-1:"and =8(-/(32)5"
" 2)52.5)3-4."

M LHC (7 TeV):
¥ Test of QCD at a higher centre-of-mass energy
¥ Much higher luminosity = much better precision
A+ )R- "0/-1.23-4" forms 9<0-/=)4="?2)2@7/-.41ih
searches for Higgs/new phenomena
— Precision measurement to improve sensitivity of searches



Motivation

M O*+" ) "0/-1.23-4A"
¥ Can be approximately split into &"<(28)49:<:" depending on how many heavy
quarks participate in the hard interaction

PYTHIA predictions for & B5.-4":059C47%# parton
inclusive b-jet production (- g sho.wer.in initial or final
hadron pT>5 GeV — us:pgly t.ruth c state. No heavy flavour
particle jets) ‘§ : quark in the hard interaction
8 0.6 at all
D% - Heavy flavour
0.5 3uark excitation
'O*+" F5)*-./ "G.)/@= 0.4¢
(>29=)3-4"H'FIJH heavy 0.3f b-jet PrOdUCt'O” i} i} .
flavour parton from protonsea o | Yihia6423 D.)/@"E)9/"2/()3-4"2

heavy quarks in the hard
interaction

or from initial state shower
scatters in the hard interaction

30 100 200 1000
b-jet P, [GeV] c




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

¥ Inclusive b-jet cross section measurement:
¥ Direct comparison of the cross-section with theoretical calculations
¥ BUT: doesn’t give a real insight into the underlying physics

¥ bb cross section:
¥ Direct test of the b-quark pair creation

¥ -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
¥ Measure heavy flavour production using full flavour decomposition
of the dijet events
M Possibility to distinguish different sub-process production

mechanisms (e.g. HFEX and gluon splitting contributing to BU/CU and
back-to-back topology to limit their contamination to BB/CC)
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Analyses based on b-tagging: overview

L B

¥ 34 pb?of 2010 data from 7 TeV pp collisions
¥ S(HT947/(19(4=AMN"

¥ Lifetime-based b-tagging algorithm using secondary decay vertices of b-hadrons in jets

¥ X6- <()./(<(4=:
425.9°(?TY(='01-1.23-4"2+T:(23-4"
Measured vs pT, y Measured vs mjj, A, x=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

¥ Object selection:
¥ 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 anti kt algorithm with a jet radius parameter R=0.4

¥ If B hadron with pT>5 GeV within AR=V(A¢$?+An?)=0.3 around jet axis > ?TY(='
\;\a\'o‘“ ¥ If not, but C hadron in cone = 2TY(="

\a0eWe ) ¥ Else > 5978="Y(=" 7"




Analyses method
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Reconstruct SV in jets

Require large decay length significance to enrich b-jet
component in sample (N,_.)

Fit to SV mass distribution to extract the b-jet fraction (frac,)

d'o,
dp.dy € _-€ ‘€ € [L

trig rec  sel | btag

frac,

jets

x C

Njas Number of SVO-tagged jets
frac, fraction of them that are b-jets (found from template fit)/purity

I .
" trig
1

!

sel

/
* brag

L
C

Trigger efficiency

Jet reconstruction efficiency (~100%)

Taggable jet selection (>99%) "

b-tagging efficiency

Luminosity for the triggers used, corrected for any selection (eg. Pileup related)

Unfoldi ng correction (obtained from pythia: ratio of the cross sections obtained at particle level and reconstructed b jet)



b-tagging: SVO

U974(1"1(2)+"5(47=8":9749L2)42("-M"=8("UV"

— . — —

Displaced
Tracks

Sign given by the projection of the decay length
vector on the jet axis Secondary
eriex
Jets with BHUVWK[R@feFred as ?T=)77(1"Y (=" t
5.85 chosen such that it produces a 50% b- 4 '-*V//,"'
tagging efficiency for b-jets in simulated ttbar i
events Primary W2,
Vertex /
12000F atLAS T —eData2010
i : B b-jets :
10000} K Eciets . Jet
L e [ light-flavour jets ]
L
w(SvV0) = —E
L3p




Purity (frac,)

¥ Obtained performing a =(<05)=("L="=-"=8("UV"<)::"19:=/9?7.3-4"
> 500Famas 0 80<p <110GeV,ly|<03 "
1] L1111 ) E —e— Data ]
¥ ;425. .9*( O/'1.23'4A g 4005_ . — IiDgr:t-ﬂZ:\:o(:themplate _E
¥ Using vertex mass, fit foreach pTandy g %o [f == i
regions separately & 200 e oo
¥ 3 templates: b, c and light (extracted 100k L LT o
from MC) o 9
= 2F T $
~ E '+' -+ |3
g S?F*W**‘mt*"‘*'*&*** ‘+ R
o 0 1 2 3 4 5 6
Vertex mass [GeV]
> ' 210<m <260GeV ]
¥ 9Y(="0/-1.23-4A" 3 o wi<r, <20 aov
¥ Template fit to the sum of the vertex S B ronb omplate
. 3 b-template 3
masses of the 2 b-tagged jets % O e = 0502005
¥ 2 templates: b and non-b where at least PRI
1 of the jets is not a b (also extracted 0
3 \
from MC) S 2 3
I S et ann s A
S % > 4 6 8 A0

Vertex mass sum [GeV]



jet axis

b-tagging efficiency (g,,,)

¥ Measured on Y(=:"69=8"4. , using the 0X/(5method

¥ pTrel: momentum of the muon transverse to the muon+jet axis

¥ Discriminating power of pTrel decreasing with increasing jet pt
- hence the 59<9="-M"=8("/)4B(<140 GeV)

/1 f . .
gdata _ , TN K f.% and f,, obtained from a fit of the templates
=

k corrects for biases introduced by differences between data and MC in the modeling of the b-
f;? * N hadron direction and by HF contamination of the light pTrel template typically a few %

> 7000F amas X e Data, JLdt=35pb " > 1400 AtLAS X "o Data, JLdt=35pb"
¥ B b-jets 1 V) r B b-jets 1

[ cjets 1 S 12001 [ cjets 1

[ Light-flavour jets ] g C [ Light-flavour jets ]

No b-tag g 1000¢ Uo, >585
S 8o0F

N N

tag |

1 75 2 25 0.5 1 1.5 2 2.5
Muon p* [GeV] Muon p'* [GeV]

¥ Extended to all jets (not only SL) = Adding a systematic uncertainty

After tagging
(w(sv0)>5.85)

Before
tagging

1

0.5

¥ Jets with pT > 140 GeV:
¥ g, derived from simulation + correction factor applied %W



Muon-based measurement

TN T

¥ XB(OX/(519:5/92.3-4%(1"):" )"19:2/9<04)4="*)/9)?5¢"
<():/("=8("9425.:9*("?TY(="2/-::":(23-4"19/(2=5+"
¥ )47(A"@W'BX'a" YbB(Y"

¥ Statistically limited and cannot be used beyond 140 GeV

¥ BUT:
¥ Provides a useful cross-check of the lifetime-based
measurement
¥ Many systematic uncertainties are different

%%"



Systematic uncertainties

¥ Summary of the most important systematic uncertainties:

Syst. uncertainty Inclusive b-jet bb-dijet Muon-based
Jet energy scale 10-20% 10-20% 15-20%
b-tagging efficiency 5-20% 30-50% —

b-jet purity fit 3—-8% 20-30% 8—18%
Luminosity 3.4% 3.4% 3.4%

Other sources 2% 2% 3%

%!"



Incl. b-Jet cross-section: measurement
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#-<0)/9:-4"-M"= 8("UVW")4<1"4 T?):(1"<(): /(<(4 A

Inclusive differential cross-section

b-jets with |y| < 2.1
Pythia prediction scaled (x0.67) to the

= ATLAS |
— \s=7TeV, [Ldt=34pb"
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Data/ MC

Incl. b-Jet o} comparlson with IVIC
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bbbar Cross- -section
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Flavour composition on dijets: overview

e Pu. T _gn - R . _ - S -

¥ &MN'0?of IW%MAta 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/systematics

%Z"
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¥ 9TY(=2 leading jets back-to-back in ID acceptance |y|<2.1) L4)5".=)=(:¢an

be decomposed into Z'})*-./

K oK K K K K

UU (light+light)

CU (charm+light)
BU (beauty+light)
CC (charm+charm)
BB (beauty+beauty)
BC (beauty+charm)

"M/)23-4:
PYTHIA prediction :

~83% < L I L L R ISR
nno B 1F ATLAS N
11% & [ Simulation, Pythia 6.423 4 CC -
~4%, - Truth dijets, Vs= 7 TeV T BC
~1%
~0.6%
~0.3%

1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
100 200 300 400 500
Leading jet P, [GeV]

%3"



AnaIyS|s method
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b I>05—9:"/(2—4::/.2:(1"UV"94"Y(::@‘"~4/—:"
¥ Kinematic properties of tracks associated with SV used to distinguish
between light, charm and bottom jets

- Ispecially constructed and optimised variables of jets have been

employed:

'0/-1.2=A"

"rTLHT@(" ()41(36%/

Hvertex

$E,

Mg

jet

$ E'track

¥ Highly sensitive to the flavour content:
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¥ The dijet fractions are determined from a multidimensional fit using
templates of these variables (next slide)
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Analysis method

Full set of parameters of the di-jet flavour model:
MNN fraction of b-jet pairs in di-jet event

M## fraction of c-jet pairs in di-jet event
Measures the difference in

b-hadron content
between LJ and NLJ

MNR fraction of b-jet plus u-jet in di-jet event
M#P- fraction of c-jet plus u-jet in di-jet event

MN# fraction of b-jet plus c-jet in di-jet event

MPPIo%TMNNTMN#TM## FMidd 8avi#Plght jet pairs in di-jet event | #f‘fﬁ%' '
*OiHL>(1k beauty and charm vertex reconstruction efficiencies o TR
:* 90* Yd—scale factors for the p dependent efficiencies from MC —>

p\— beauty di-jet flavour asymmetry —
p,HL>(1K'charm di-jet flavour asymmetry

?, —admixture of 2b-jet template  B(I " ,B")# (1$b2)0,{3(! "B )+b 9B (! " B)
2.HL>(1")="WHKdmixture of 2c-jet template N

Introduction of an
additional template

FO4)5"1)=)"L="0/-2(1./("8):"""*)/9)?5(:" made from b-jets

with 2 b-hadrons

%/\ll




Object selectlon

T I IR W T

M Events
¥ 1PV reconstructed with at least 10 tracks with pT>150 MeV

M Trigger: using different single-jet triggers depending on the LJ pT bin

¥ Jets

¥ Same selection and labelling as for the previous analysis

¥ Dijets
¥oigriflQ%")1"=-"?("2-4.9:=(4="69=8")"?)2@T=-T?)2@"=-0-5-7+"
¥ 6 bins of leading (LJ) and subleading (NLJ) jets:

Leading jet pt [GeV] 40-60 60-80  80-120 120-160 160-250  250-500

Subleading jet pt [GeV]  30-60 40-80  50-120  75-160  100-250  140-500
Number of events 304103 251406 887185 660168 242979 146117

W



= - =

Results

I Admixture of jets containing two b-hadrons

e D F - [

2b-jet admixture b, [%]
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Results

Unfolded fractions compared to MC at truth level
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Summary

v _ T W T N

425..9*("?TY(="2/-::T:(23-4™ All R19Y(£4)5":=)=(:"69=8"Iréliably
¥ Using 2 independent methods (>=/)2=(1land <():./(1  vsU pT
(SVO/muons) = B--1")7/((<(4=" ¥ N#O"##")41"#PA"L/:=")="=8("g'#"
¥ Comparison to MC: ¥ All generators consistent with each other
¥ NLO Powheg: good agreement and with data
¥ NLO MC@NLO: underestimates ¥ Except for BU which is measured
cross-section at high pT systematically above all the predictions in

¥ Normalised LO pythia: good
agreement in shape

the high pT region

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

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

MC@NLO and in shape with and herwig
normalised Pythia ¥ NLO generator E-68(7 "/(0/-1.2(:"=8("1)=)"
6(55"
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| Deficiency of the Pythia b-jet template:

' ¥ Increase of 2-b-hadron jets template
contribution improves the data/MC
agreement 1&"






Detector

P
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25m

Tile calorimeters

% ,
- : LAr hadronic end-cap and
) forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiatfion tracker
Semiconductor fracker IR



Sub-detectors |

Thin-gap chambers (T&C)

| ] Cathode strip chambers (CSC)

Resistive-plate
chambers (RPC)

End-cap toroid

Monitored drift tubes (MDT)

Inner Detector |n| <25
* 2T axial magnetic field Muon Spectrometer
e Momentum resolution: * Precision chambers (MDT, CSC)
olp.)/p, = 3.8 x 10+ (GeV) @ 0.015 * Fast trigger layers (RPC, TGC)
e Vertex resolution: * Toroidal magnetic field:
~50pum longitudinal olp;)/p; =10% (|n| <2.7, p;<1TeV)
1Z"



Results (bbbar)
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The bbbar-dijet cross-section as a function 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.
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Gluon spllthng

1_ | | | | LI | | | | | | L

C Final state gluon splitting: 5
0-95 jet with two b-hadrons .3
0.8

0.7F

0.6F
- ATLAS

0'5__ Simulation
0_4_ Truth jets, (s= 7 TeV

0.3E| 9 Abbsplitting | Final state gluon-
g Pythia 6.423 splitting: jet with 3

0.2 one b-hadron  —
0

30 100 200 1000
b-jet P, [GeV]

increase at high pt

Gluon splitting production fraction
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Asymmetry

- S T - -~ =

Differences in heavy flavour rate in leading and subleading jets
-semi-leptonic decays of HF hadrons decrease the jet energy...
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S | ATLAs 1 X [ AmLAs ]
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E [ e Powheg + Pythia 6.423 1 & | e Powheg + Pythia 6.423 1
@ 1~ m Pythia 6.423 71 & 0.4 g Pythia 6.423 + ]
B, [ v Herwig++ 2.4.2 _*_j B, b v Herwig++2.4.2
< 0.8 1 pythia 6.423 + EvtGen 7 © 0.3 o Pythia 6.423 + EvtGen .
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Systematic uncertainties

e D F S ——

¥ Summary of the most important systematic uncertainties:
a4 tIU:
¥ One of the major systematic uncertainties for all flavour fractions:
¥ For fBU and fCU it varies from absolute values of 0.1% and 1.1%
¥ V(/=("1(2-4:=/.23-4"(j29(42+A™"
¥ Uncertainty due to v, efficiency comparable to JES uncertainty for
fractions with b - small otherwise
¥ Similarly uncertainty driven by v_ efficiency important for fractions with c
¥ e#"=(<05)=CA"
¥ Shapes: 0.06% to 1.3% for the fCU fraction, 0.08% to 0.2% for fCC, small
for other fractions
¥ uU<()/o47"
¥ P4AM-51947"0/-2(1./
¥ Comparable to JES and template shape for fCC, fBU and fCU
¥ Relatively small in all other cases
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Summary b-jet taggmg

e e — Su ~ T —

M 425..9%("?TY(="2/-..T:(23-Aeasured vs. jet pT in 20 < pT < 400 GeV and |y|
<2.1usingaSV

¥ Using 2 independent methods (SVO/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
function of Ay and x (back-up):
¥ Good agreement with Powheg, MC@NLO and in shape with normalised
Pythia
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Summary: flavour decomposition

¥ Al 5 19Y (8nal states 69=8"F"/(59)?5+"(>=/)2=(1")41"<():./(1vs Ll pT
¥ NHO"#")A1"#PA"L/:=")="=8("g#"

¥ All generators consistent with each other and with data
¥ Except for BU which is measured systematically above all the predictions
in the high pT region

¥ p"9749L2)4="19s(/(42("94"=8("?T8)1/-4"2-4=(4="?(=6((4"gt")41"]gt"9:"
-?2:(/*(1A"
¥ This asymmetry is poorly described in pythia and herwig whereas NLO
generator E-68(7 "/(0/-1.2(:"=8("1)=)"6(55"

¥ p"L(L29(42+"-M"=8("?TY(="=(<05)=("-7=)94(106889P:"1(<-4:=/)=(1A

¥ An increase of the template contribution describing jets with 2-b hadrons
inside substantially improves the agreement between data and MC
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