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Introduction

@ Top physics: x-section, mass, single-top v
@ “Backgrounds”: W/Z+heavy ﬂavourq, b

@ Higgs searches: Low-mass, SUSY

B hadrons properties

Tagging of real b jet:

\ long lifetime+
eswndary  large boost =
i X
S \ secondary vertex
o Primary ve ;lé}'
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@ Mass: ~5 GeV/c?
@ Decaylength ~mm

@ Hard fragmentation

Prompt
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@ Semi-leptonic decays
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The DO detector
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Introduction (bis)

Taggability

@ Reco. quality

2 Vremoval

arbitrary units

mass: 494.1+ 0.1 MeV
width:  7.3%0.1 MeV

arbitrary units

Tagging algorithm’s performance evaluated on real data & parametrized as: F (p_, [n]). But:

# Electronics noise -> fake jets. Track matching improves discrimination on top of calo. jet-id.

@ Fraction of fake jets is ~small, but depends on final state. Decoupling this effect from the tagging
algorithms proper allows the extraction of a tagging performance which can be assumed to be

» Interactionregion, 0 = 25cm, + detector acceptance affect track reco. efficiency dependence on n
differently for different values of the interaction point’s z coordinate.

P .
|
r

05 1 T}

all jets | :
it Jets with p, > 40 GeV 3]

a)

~20 0 20

I: I I- 1 1
40 G0

universal, i.e., applicable to general final states. Eu ;_
Taggable jets are thus defined as follow: %E:
@ >=1 tracks, with >=1 hit in SMT " osf
@ 2-step clustering: along beam axis + 0.5 cone jets (within each 0.3
z-cluster ) and finally require: AR(calo-jet, track-jet) < 0.5. E:_
s Parametrized as: F(p ,n,z'), with z” = |z] - sign(n - z) nt;s—
i
Track selection

mass: 1114.9% 0.1 MeV
2.6+ 0.1 MeV

width:

b)

arbitrary units |

M) (GeV)

M(pn) (GeV)

- all conversions

\:I DCA significance > 2

Y—ee

rﬂ}"\ﬁ L

Z' (cm)

Nal 10

R (cm)
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= Algorithms (I)
Impact Parameter (IP) based tagger Jet axis

Track

s [P and its significance S are signed w.r.t jet direction I.p

Primary vertex

@ [P error calibrated in data and simulation for multiple-

effects and PV resolution dependence il C g::ggs
F B i' v 7.0 bb
Discrete (CSIP) | -*-:3\
@ counts tracks with: |[S_|>cut (2>3|3>2) 2 {._»_:f"
M_T,.-":‘.’»_ g
Continuous (JLIP) i T T
— 1-5: . significance
@ p.d.ffrom negative IPresolution function, R(s) & 14t p_ =pesing”?
/ |SIP thk_l ( ] Hi)J é. & 1.1; -
& (—log . :
Puk(Sip) = =75 ﬁ> ja =T 3 5! with TI¥ = H Pur(Sip2o)
/ R(S)ds J=0 na— b) Nowr =1, N, =7
—50 @ \ - 1. .
GCH[ (GQV)
% multijet data % b) light-jet MC % 9 bjet MG E 1-35
S5 =2 =] 12r
2 3
§ £ 5 i
< < < osf
08f
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Algorithms (II)

displaced
tracks
Secondary
Secondary vertex, SVT \ vertex
Lxg,/",-
@ Starts from track-based jets ( simple cone algo.) Primary do
@ Kalman-filter based vertex finder // ,
@ Track pruning w.r.t x* contribution to vertex 5
prompt tracks z
@ Tagis defined if: AR(vertex,jet) < 0.5 and if
. A 5 —b ) 0.9E —b
decay length significance, SLXy > cut : 0;5 - 5 o "
g Yer o 07
E n.s:— E ”_
Tl 2 o 05
8 oaf N 04
= L = 0.3
] 5 o 0.1F
I e o o S A = R
Soft Lepton Tagger, SLT "o
. . . & 0.22F —b s 1k b
@ 40% of top/anti-top pairs contain a lepton E 02 light I
g 0.16F g 107
@ Look for a soft (>4GeV/c) muon/electron in & iz .
require AR(<0.5) 5 oot NI -
E gg:: E 10-3;
@ More details later Soey o h. S
A L AL u“m%“mmgm
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All in one: Neural Network tagger

5 v 5 m——r Optimized selection of inputs:
s f light-jet s IF light-jet .
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: £ 0.35 it
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I e S S e | ...canlead to significant improvement:
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SLT NN

Improved tagging in dedicated topologies

SLTNN with muons

@ SLT variables ( pT“”, x°, AR(jet), ...) can be combined with lifetime variables in a dedicated
NN to improve identification performance for semi-leptonic b decays

@ Up to 10% relative increase of signal efficiency @ same fake rate level

Eff vs. Fake | NN eft. only * mu- tag eftf. |
= — = = i
o S5.6f : ) ; 2 sob. v
= T i 8 757
w 52 y ; : - S
b 65 coene| == SLTMN for loosa muon
£ 4.8 : E ‘
6.0"006008 0'1 0.12'0.14'0.16'0.18 0.2 50 |
! Fake Rate(%) RIS SRS SN S SRS SN S
' " ol TS TN T TN N T S Y T S SN TN NN TN ST T AT ST SO SN '
0 2 a 6 8 10 12
OP Tight |OP Medium| [OP Loose] Fake Rate(%)
SLT with electrons

» Reconstruction of (low-p_) electrons in jets is more challenging

@ b->eX ~25% identification efficiency for 1% fake rate
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Performance: etficiency

Measured in data

muon

@ Using b-enriched data samples:

@ Di-jet sample & require AR(<0.5) matched soft
(>4GeV/c) muon in jet

muon-jet

“SystemD?” (bother B. Clement for details ;) ! )

@ 2 ~uncorrelated taggers: NN / SLT

| away jet
@ 2 data samples w/ different flavour content:

@ Muon-jet / Muon-jet+away tag v

@ Apply 2 taggers separately / simultaneously on 2 samples

@ 8equations / 8 unknowns among which € (NN) _ Muon Jet
@ Simulation only used to corrections factors % sample
p, (single/double tag) % =
» Fit p "with templates from simulation b'fagged
Muon Jet

@ Used only as x-checks x.
| Py

jet
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Scale factors

Tag Rate Functions (TRF)

@ Parametrized as a function of p.M:

for semi-leptonic b decays

el )] = i - F (o) - g(in)

data MC

b _MC
b—puX

€h—ux b
data _ — U _ SFb ) EIE:/[C :>

Method validated in simulation:

Z 0.9p 3 0.9,
c E c E
2 0.8F 2 g8k
= - e) & £ 0
w 07F & 0.7p
(=] - o £
g osf OGO ——g— 8 osp
& o5E@ 4 050 "
) F . (] E
E o04F o fitted % 0.4F
% 0.3E O expected § 0.3F
FEo o e < 0.2: L L L
02555 40 60 80 100 120 20 40 60
pr (GeV)

80 100 120
pr (GeV)

SystemD allows to estimate b-tagging efficiency

Efficiency

@ Inclusive efficiency requires a Scale Factor correction:

a)

—— MC b—p

— Scale Factor

—= SystemD b—p

i

L \GID\

~~70"80

pT (GeV) —=— 8SystemD b—p
S i —sScaleFactr
g - i >
W o8-
0.6
0.4-
005 1 95 2z 25
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Systematic uncertainties

Sébastien Greder

SFb, SystemD 2, L . "y
5 70 Tight 5 35- Tight
. ] E . 30
» Choice of p_ " u e u %
2 5 £
: . 5 5 %%
@ Tagger correlations ( factorization, PV)g 4 9 15
10
37 E
@ Fit uncertainty AT LN
20 40 60 80 100 120 0 0.5
p, (GeV)
o O e 2
TRF b/c ot 8
o 5 ¢
@ Parametrization 5t T
C Q
4- o«
@ MC sample dependance o
. ) 2040 60 80 100 120
@ Residuals from closure plot predicted P, (GeV) il
and observed tags ~ o —~ .
é e ~L2 &\.; 40; f) ~L2
5 ° Tight 5 a5k Tight
L 8- T =
w C w 300
o o . [ E (] r
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2 s g 5
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P, (GeV) nl
12

IPHC

Inscicut Flurldli{l linaire
Hub crt IJRIEN



Performance: Fake tag rate

Goa.l | s Z->uds
» Estimatee ghtwhere light =u, d, s and gluon ; %‘
° r"'. MM""‘»-..,,___'
Measured in data
@ Various samples: jet / EM triggered multijet data (“QCD”) m v
Estimated from negative tags S 25" p) “Fy  +Fy
i +Fpe X Fy
w b
@ corrected for: o 7 T
. . — — E 1.5 4 o4 t : } }
@ HF contamination  Fht = €qcp jight/€qep an R P
_ - 13
@ neg./pos. asymmetry Fj; = gQCD,light/‘gQCD,light ;
» Parametrized as F(p,,n) 0'5%0.
. Elight = €gata - L'hf - F1f
Systematics: &
§0.014:
@ Sample dependance: jet vs. EM QCD %"-‘”2;
W 0.01f
@ Relative heavy flavour fractions 0.008}
@ Parametrizations 0.000
0.004 r P
@ Total: ~3 - 8.5% 0.002 ",
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From Tevatron to LHC

Collider Run Il Peak Luminosity
3.20E+32

3.20E+32
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Runlla -> Runllb -> LHC
@ Increase of instantaneous 3: ‘
lumiIlOSity % 1 20E412 : 1 2Ea é
" | ~ 4 “PV” @ SXI 032 4.00E+31 A 4.00E+31
..o [+ Peak Luminosity » Peak Lum 20x Average |
Performance sensitive to —
Taggability vs. N
@ Number of multiple interaction | S—
- e
@ Tracker occupancy 0.8 —
» Hits merge 0.6
: L 0.4r . .
@ Track selection vs. luminosity ? - Luminosity
0.2 Dependence
? TR FTE YRR TS PR PR T
012345678910
# PV
14
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Conclusion

B-tagging is a necessary tool for many forefront analyses

» Very good performance despite of complex & g0
and busy hadronic environment § :
o
» Advanced multi-variate tools are an asset £ 60
to keep high signal efficiency/low fake rates W
2) i
@ And simplify procedures: reduce complexity to 1 variable & 40: —}—p,>15and | <2.5
o ° ° pT>30 and n| < 1.1
Increasing luminosity must be carefully | SRS S
handled Fake Rate (%)
. Dg * = preliminary Summer 2008
Very gOOd ContrOl Of SyStematlc errors Run| dileptons o1t ' K L4 H 168.4 £12.8 GeV
iS ComPUISory Run| lepton+jets 0.1~ H—e—+ 180.1 £ 53 GeV
a they enter in ‘[op_g errors for top mass, Run Il leptontiets * 225 o 1722 £ 1.7 Gov

single-top and low-mass Higgs searches, ... ) | s omsimion v

HeH 172.8 #1.6 GeV ’
. . World average (March 2008) HeH 172.6 18\].4 GeV,
Smart techniques + very good understanding of the
detector require a lot of effort .... but worth it: Ruml et I, o) * 157 +—8— 1696 2 85 GeV

P I RN B
160 170 180

Top Quark Mass [GeV]
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