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Caveat:

« This talk mixes information taken from my personal experience in:

— Jet b-tagging at Tevatron and in particular in CDF

— Some consideration on LHC Jet and b-Jet physics with ATLAS view

« | will not stress on physics results in themselves, but rather:
— Focus on experimental strategies for b-tagging
— Make main points connected with phenomenolgy

— Have a transversal approach between experiments and physics channels.
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Introduction

« Lots of interesting physics involves high-p; b-quarks
— Top production - BR(t—=Wb) ~ 100%
— Higgs searches
« For my, < 135 GeV/c?, H—bb is the most common decay
« SUSY bbg — bbA — bbbb at high tanf
— Sparticle searches — sbottom, stop decays into b+X

« There are well established ways to b-tag and more exotic ones for future

e Qutline:
— b quarks production at collider
— Characteristics of b-jets
— B-tagging algorithms
— Efficiency and fake rate measurements, the CDF experience
— Recent algorithmic advances
— Some highlights on the LHC
— Conclusions
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bb pairs production in hadronic collisions

Leading Order and Next to Leading Order
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.. but: b/c-jets or B/D hadrons are the observables rather than b/c-quark

Observed Proton structure
dOG)p%B/DX) da@q/gg/qg%b/cX) pp@Db/c_)B/D
d p;(B/D) dp(ble) |
NLO QCD
Factorizes into a calculable part and a but universal piece
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Inclusive b cross section - low Py

10t CDF Run Il Preliminary 5.0 < Pt(J/w) < 5.5
« Runl: b cross-section ~ 3x old NLO QCD
« Theoretical approaches: Next-to-Leading-log - :
resummations, non perturbative 107 5
fragmentation function from LEP, new : ;
factorization schemes...

* Experimentally: unbinned maximum

likelihood fit to the J/1 decay time in the R-¢
plane to extract the b fraction
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Jet definitions

Unfold detector to Particle level
& Correct for efficiency, resolution

Correct theory (pQCD) for
non-perturbative effects
& Underlying Event, Fragmentation

Well defined jet algorithm required
% At calorimeter, hadron and parton levels
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Small jet radius Large jet radius  Small jet radius Large jet radius

r):f

perturbative fragmentation: large jet radius better
single parton @ LO: jet radius irrelevant (it captures more)

Small jet radius Large jet radius Small jet radius Large jet radius

. k., b Yl
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namiperturbative fragmentation: large jet radius better I- underlying ev. & pileup “noise”: small jet radius better
(it captures more) (it captures less)



Jet issues

Small jet radius Large jet radius

multi-hard-parton events: small jet radius better
(it resolves partons more effectively)

4-way tension in mMany measurernents:

Prefer small R | prefer large R
resolve many jets (e.g. tt) | minimize QTD radiation loss
limit UE & pileup limit hadronisation
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Jet definition choice

» A jet is not a parton: it's (sort of) what you choose it to be.

» It's easier to think in terms of partons (LO, NLO pQCD) with
IR /Collinear safe jet algorithms. And gives sense to pQCD predictions

» J many cones algs. Not equivalent. Many are IR/Coll unsafe.
xC-SM — 5ISCone; xC-PR — anti-4;

» “The best” jet definition does not exist

» To get the most out of jet-algs.,

» Understand the interplay of physical scales high p — larger R
» Try out different combinations of algorithm & R
» Check Variations of alg. & K don't change extracted physical quantities

» Special cases (e.g. boosted W/t/. ..} benefit from special techniques
e.g. seq. recomb. " jet-decompeosition” is a powerful tool
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The Anti-Kt Algorithm

AR2
du:min(12> 12) 5 deziz >
212 )R K2 9;:) ‘ 2
.

M. Cacciari,G. Salam, hep-ph 0704.0292v2

1/21/10

Infra Red Ili Saf ATLAS default now
nira med an cofinear Saie. (together with cone)

Good Speed (Better that the SISCone)

Behaves like a idealized come algorithm, Conical Jets, active
and passive areas are equal.

Distance Definition:

Collinear and Infrared Safe

| | | |
jet 1 jet 1
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Top Jets reconstruction efficiency

ATLAS = Jet algorithm workshop january 09 and Lisbon hadronic workshop June 09
—> contribution to Atlas default Jet algo choice

T (——" e :-f-*-*a;f
- B .' AAA‘.‘“‘A“ "‘4“
08 _ 0.8 = v;.';l‘ e $
0.6 AR=04 06 . AR =1.0
: *Cone : ,_’ *Cone
0.4 % Kt 04— Kt
- *SISCone : . *SISCone
0.2 *Anti-Kt o [ I Anti-Kt
[ E; Truth (GeV) [ E; Truth (GeV)
1 1 1 I 1 L1 1 I 1 1 1 I 1 I 11 I L1 1 1 I 1 1 1 L1 L1 L1 I L1 I L1 I L1 I |
00 50 100 150 200 250 300 00 5|0 1 (I)o 150 200 250 300
Work done at LPNHE with HELEN program fellow student from
Universidad de los Andes — Merida, Venezuela
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High Py Jets and b tagging

Tagging of real b jet: ~Secondary Vertex b-tag Algorithm (CDF SecVtx)

long lifetime+ » Select tracks within the Jet Cone

- largibOOSt - - Reconstruct 2 or 3 tracks vertex
secondary vertex . Cut on vertex displacement significance to reduce
L > > 0 \& Primary ;'élzté\" |Ight JetS rate

Prompt .
\ tracks « Secondary vertex mass has some separating

” power between light, charm and b Flavors, as like
as other variables

SpllriOllS taggi]lg : CDF Run Il Preliminary ( 695 pb " )
of liecht flavor jet' 0.14 - SECVTX Mass Flavor Templates
o - [
o.12 [
I L Vertex mass
mistag > oip
(&)
~ 0.08 |-
o
..2 0.06 | — Bottom
Q@ — Charm
W oo04 [ — Light (MC)
0.02 -
0(; L ‘Il L > 3 —r .é
SECVTX Mass (GeV/c?)
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Signatures of B-Jets

displaced
tracks

* High b-hadron mass

— 5.3 GeV/c? Secondary
» Relatively long lifetime \ L:ertex
— 1.5ps > ct =450 um brimary (/,X/:,
« Hard fragmentation vertex d°
— b-hadron retains ~70% of / )
b-quark momentum /T%
prompt tracks z X

« Put ‘em all together and you get

— High-py tracks 10" IP significance
— Large impact parameters -

Light jets
b-jets DO

— Secondary vertices (few mm)
10°

* Lepton production
— ~10%b — v o L
— Also ~10% cl/c — fv -
— High-p; tracks d

SN T T T T T T T T T T T T T T T T T O T O A A I

— High-p; relative to b-jet 0 - 6 4 2 0 2 4 & 8 10
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The CDF Detector

« COT: 96-layer wire drift chamber
— 4 axial, 4 stereo superlayers
— 1.4 T magnetic field
« “Central” lepton ID out to |n|<1.1
« Silicon tracker
— 95 cm long Layer 00
« Radiation hard
— 3 SVX-ll barrels, each 29 cm long

é%-l
% Lo S
> 200N \
@ % D< 22cm ’% m
\a s /
%, [00
B
1/21/10 Sandro De Cecco -
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2.0 RABRON
- CAL.
7 (SOLENOID |
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o - el |
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] o ¢
1 — 2
0—_%:\\—7—le | LI L I 1T 177 1T | T
/; T \\7.0 2.0 3.0 m
LAYERO0O SVXIl  INTERMEDIATE SILICON LAYERS

 LOO - singled-sided, r=1.2 cm
 SVX-Il - 5 double-sided layers
— LO:r¢p —rz, r=2.5 cm
— L1:r¢p—rz,r=4.5 cm
— L2:r$p —1.2° stereo, r=6.5 cm
— L3:rp—rz, r=8.5cm
— L4:rp —1.2° stereo, r=10.5 cm
« Total sensor area 6 m?
« 720k electronics channels

Uni. Paris VI & VI, LPNHE IN2P3/
CNRS
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Detector Issues

1/21/10

» Reference for impact parameter calculations
— Tevatron beam profile is ~30 um in xy
— Can improve by computing event-by-event primary vertex

Fit all tracks to a common point — discard outliers — iterate

— Final resolution is 10-30 um depending on event topology

« Poorly-reconstructed tracks are a killer — quality cuts are critical

Both experiments use silicon hit multiplicity and fit 2
Remove K¢/A decay products
Raising p cuts helps control fake tag rate

» Inactive detector regions and data/simulation mismatch

CDF: model inactive silicon ladders in the simulation run-by-run

D@: everything relative to “taggable” jets (couple of silicon tracks) — get taggability rate
from data (~80%)

Both experiments apply a scale factor to simulation efficiency to match what’s seen in
the data (0.7 — 0.9, depending on tagger)

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/
CNRS
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Soft Lepton Tagging

1/21/10

Tag b-tags by identifying a lepton
from b or c decay

100
CDF & DY both do it for muons 95 |
90 -
ID requirements somewhat different _es| AmL
than high-p; case é 80 - ‘\‘*T;;L;
— Can't use calorimeter energy 2 75 S \\\\‘\ -
— Track-stub angular matching is S 701 .
more effective H 65
60 | CDF
Typical ID efficiency 80-90% 55 4
— Per-jet efficiency ~10% >0~ ‘
3 5 7 10 20 40
Mis-ID rates ~0.5% per track P+ [GeV/c]

Electrons are more difficult
— Had itin Run |
— Under development at CDF

Soft lepton taggers use different
information than lifetime taggers

Can use overlap rate for calibration

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/

CNRS
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Soft Electron Tagger

Additional information looking for "soft" (pT>2GeV) HF electrons within Jets
Conversions electrons are main background
Complementary soft electron tagged samples for tagger performance studies
| Track Matching Cut ¢ | | Missing Silicon Layer Cut < |
1 AR DR D D A A 1 AR AR DR D A A
0.8 0.8
Fake conversion
0.6 0.6 ]
Iocat|on\
0.4 - T e I R L 0.4 ; : : ; f : : b L ==
— Jet50 data + z Z - - \ \
0.2L- ....... o MC (truth) ........ ...... ] 0.2 ....... ........ ........ ........ ........ ...... ] Decay p0|nt
0

246 8 10 12 14 16 18 20 03=4 68 10 12 14 16 18 20

P, (GeV/c) CDF P, (GeV/c) .
s c Seals Facier ] Need model for conversions

| N Cc?mblinecli Cl.ft € | 2 . )

v VRS U NN VR SRS NS SR 1.8 to ldentlfy them:
1.6

0.8 1.4 use partner legs
1.2
0.6 p
0.4 0.8
0.6

05 -In development also in ATLAS

0346870 1274 16 78 20 0346810 1274 16 78 20 exploiting fine ecal segmentation
P+ (GeV/c) P (GeVrc) ,
and excellent tracking system.

0.2
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Impact Parameter Taggers

Count displaced tracks (DQ) -
three 20 or two 30 10*
— sign IP’s against jet direction

Jet probability (CDF & D@) ;
— Joint probability for all tracks to come

IP tracks

Displaced vertex (CDF & D)

— Fit displaced tracks (above p; cuts) to
a common vertex

— Prune tracks and cut on fit 2
— Cut on L,, significance

All algorithms can be tuned by adjusting
cuts — 2-6 operating points

P S|gn|f|cance|

10~

1
-10

from primary vertex ’140'30'Jet MC |

— Track resolution derived from negative 12000 significance

10000 [ ]positive

g . 3000% Dnegative
— Use only positive IP tracks in s000]]
probability calculation 4000f
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o
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10000}

8000;
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4000;

2000:—

I

© 0005 001 0015 ,;6-62
jet

S o0.22F
:3 o.2E —data
= O0.18F —mc
— | =
o O.16F
~ o0.14F
5 °J22
0.08F CDF
0.06 |
0.04
0.02F
0: 1 1 2
o 0.5 1 1.5 2

L of secondary vertex [cm]

xy
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Multivariate Algorithms

1/21/10

Taggers are correlated, but not 100%
— Can gain by combining them
— CDF has a simple “combined tagger” — logical OR of displaced vertex and jet probability

taggers
+ Gain 15-25% efficiency, at cost of factor two mistag rate

Use more information than just the tagger outputs

— Displaced vertex tagger gives you more than just yes/no
« Many vertex properties discriminate signal/background

Both experiments have new multivariate taggers
— CDEF: start with displaced vertex tag, try to reject charm/light while preserving b-tags

— D@: no displaced vertex prerequisite — can optimize for better purity or enchanced
efficiency

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/
CNRS
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Secondary Vertex + Multivariate Tagger (CDF)

1/21/10

—  Dignew/taggedPoshjets.dat

Two 16-variable neural networks

— Vertex mass, L, ¥2, pr o2F

— High-IP track p;, multiplicity 0161

_ Jet probability o2l

— and so much more! O
Train one to separate b-vs-light, the 006E-
other b-vs-c 333:
Choose cuts to preserve 90% of b s

— Reject 45% of ¢, 65% of light

Already in use
Top cross section
WH search

Similar, dedicated
algorithm for
single-top search

b-| Trained NP]

— fthar Pos tagged b jets

1

1.5 2 2.5

bignew/taggedPosljets.dat

bignew/taggedPoscjets.dat

3 3.5 4 4.5 5

b-¢c Trained NN

j I - fthar Pos tagged ¢ jets
0

—— tthar Pos tagged | jets

— ttbar Pos tagged b jets

—---- ttbar Pos tagged ¢ jets
—— ttbar Pos tagged | jets

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/

CNRS




1/21/10

» Evaluating the performances of b-tagging

the Tevatron experience on impact parameter tags

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/
CNRS
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Efficiency Measurement (CDF)

1/21/10

muon

Based on 8 GeV/c electron and muon
data samples

Tag away jet to enhance b-fraction
Generate matching MC samples

b-fraction ~80%

measure tag efficiency in data and MC

Method A: muon p+, fits

— Fit muon p¢,, against jet in tagged
and untagged jet

— Extract numbers of b-jets in each
and compute efficiency

— Systematics ~3%, mostly from

away jet

+<— Tag this jet

modeling of p;, templates

8

untagged Jets
_ tagged Jets

Method B: electron double-tags

— Infer non-b component from
electron jet single-tag rate and

conversion sample

— Systematics ~5%, mostly from
mistag subtraction

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/
CNRS
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Efficiency Measurement (CDF)

1/21/10

Systematics quoted earlier for each
method were only the “internal” ones

Additional systematics related to
extrapolation to physics samples (in
particular, b-jets from top)

Jet E; dependence

— Convolute binned scale factor
with E; spectrum from top

— 7% uncertainty

Similar procedure for jet 1
— 1% uncertainty

2% uncertainty assigned for
differences between semileptonic/
generic B-decays

Total uncertainty on data/MC scaled
factor : 7.3%

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/
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Scale Factor= sg;"f gMC
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B Scale Factor
A Data Eff ]
¥ IC Eff E

¥° / ndf 15.11/8
Intercept 0.9585 +0.03699
Slope -0.001013 + 0.001022

b-tag efficiency
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SecVix Tag Efficiency for Top b-Jets

Tight SecVix
Loose SecVix

- Top MC scaled to match data

F Only b-jets with n|<1

: I 1 1 L l 1 1 L I 1 L L I 1 L 1 I 1 L 1 l L L 1 l 1 L 1 I 1 L 1
20 40 60 80 100 120 140 160

180
jet E; (GeV)
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Fake Tag Rates

* Fake tags (mistags) mostly from | Vertex CTau - Tight Tagger |
misreconstructed tracks : . , :

— +/- symmetry
« Estimate fake rates by

— Using tracks with negative signed
impact parameters

— Using displaced vertices behind the
primary w.r.t. the jet direction

« Both experiments use parametrizations of
“negative” tag rates (in E, n, etc) to

i i i : o 0.1 0.2 0.3 0.4 0.5
predict mistag rate in data samples Vertex &rau (cr)

« Complications SecVix Mistag Rates

) o 0.06
— Negative tags from heavy flavor © E Tight SecVix
(~10-15%) 2 0.05 Loose SecVix
— Mistag rate not exactly symmetric — € ooub
stray K¢/A and interactions with -
detector material 0.03 F
— Fit POS-NEG excess in pseudo-crt to 0.00 3
estimate (~40%) h:
— Net effect ~30% enhancement over 0.01 F o
negative tage rate : Only jets with i<
0 [ 1 L 1 l 1 Ll l 1 1 1 I L1 L l L1l 1 I L 1 1 | '} L1l I 1 I} 1
20 40 60 80 100 120 140 160 180
jet E; (GeV)
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B-Tagging at High Luminosity

b-Tag Efficiency

«  Starting to study effects of high - CDF -
IumInOSIty On b-tagg|ng (reSUItS are oss;_ ......................... - m_‘__v__v_ .................................. _:
extremely preliminary) . - +—_+___

° NVtX o Luminosity 0.45 :.__::____ ............ —___—.— ____________ _ __

— At 3E32 Cm_2$_1, <Nvtx> =4 0_42_ ................................... =W LM___

0asf Tight SecVix _—_——::_|l_ .

r Loose SecVix _I____

»  MC study of top events with extra e S -
minimum-bias overlaid indicates that R R R R R R N RSN

number of z vertices

Dependence on Number of Z Vertices

efficiency decreases

B ngh traCker OCCUpanCy iooz{_ml;l o~ IN o~ It-. é t ...... o I ....... i
— Hits merge together g | F00se Negative Ra i% ;
— Pattern recognition harder To0z A 1

A 8-GeV Data 7
L O 18-GeV Data _B_
o Negative tag rates in data rise 0.015:_ _____________________________________________________ O Jet70Data | ] _
— Silicon hit merging? [ '

— Another interaction nearby?

K 2 3 4 5 6

number of z vertices
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* ... or directly triggering on b-Jets

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/
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Inclusive bb di-jets production

CDF Run Il Preliminary

« Specific Trigger based on L2 SVT I I a2 SVT-tag jets sample
(Secondary Vertex Trigger) used. § soof - /"' | Tomm
« Sensitive to the different production 2 coof g 77 15 contrbution
mechanisms _ * / non-bB contribution
— Flavor creation at high A¢ 200~ // .
— Flavor excitation or gluon splitting 0g——=5 23um3of R
atlow A¢ Purity ~ 85 % : extracted from data

using shape of secondary vertex mass

CDF Run Il Preliminary CDF Run Il Preliminary

s T E
8 10° ?‘m;a; —=—— Data - Syst. uncertainty % ~ —=— Data - Syst. uncertainty j
2 F = —&— Pythia (CTEQSL) Tune A Q | —=— Pythia (CTEQSL) Tune A 2.2
:»—10 i Eg;l@ Herwig (CTEQSL) + Jimmy = B Herwig (CTEQ5L) + Jimmy :i:.’{"‘
3 : 2 | "
:: ; = Eg:':_‘ —— MC@NLO (CTEQ6M) + Jimmy 2103 3 —o— MC@NLO (CTEQ6M) + Jimmy o
- | .G =
£ - T f pos
E i B 3
B —_— 2 T
10" - B 1 10° JetClu R_,,,,=0.4, In|<1.2
E JetCIU Rcone—0.4, m|<12 L )—é—« cone ’
- E;>35 GeV, E,,>32 GeV I‘% ? Er>35 GeV, E,>32 GeV
, s = 1.96 TeV, L~260 pb™ s ¥s = 1.96 TeV, L~260 pb™'
1 B —_f 1 L 1 I 1 L 1 I 1 L 1 I 1 L 1 I 1 L L I L 1 L I L 1 L I L 1 L I L 1 L I L 1 1 1 1 I 1 1 I 1 1 L L I L 1 1 L I 1 L L 1 I L 1 1 L [ L
0 40 60 80 100 120 140 160 180 200 220 0 0.5 1 15 2 2.5 3
- Leading jet E_ (GeV) \y,; ¢ A ¢ (rad)
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b-Jets Energy Scale from Z->bb

» Generic Jet Energy Calibration of the Detector needs specific correction for b-Jets

* Reduction of uncertainty in b-JES important for Top mass measurement

 Test algorithms to improve b-jet energy resolution is crucial for low mass Higgs search.
* Use of L2 SVT based b-tag di-jet trigger - Extract a signal, measure data/MC b-JES

Result on 600 pb-' - b-jet Data/MC Energy Scale Factor = 0.974 + 0.020

Z->bb signal templates for 0.9<SF<1.09

CDF Run Il Preliminary L=584 pb'1

N(Z>bb)~5600
0.030 ™ “w, /7T +— "7
S L 12000 , Dt . % soob ool Mo bontialtocs
= - | o © 500:
0.025F = . i 5
0 025 &5 [~ || Besthackground & 7 E 400F
ok g — | N 10000 [Jzobome ¢ % 2 300
o.o15; \i\: . g 200
0.01— & C . . 3
g c |— ®
0.005 ‘ 5 8000\ .
) ST P I R AP Lﬁ - . .
0 20 40 60 80 100 120 140 16?\/] 1GSOV/§PO - >
= 5000 — 8 SPRT POT LT O PO O O
0.022F- ~ P! \, 0 20 40 60 80 100 120 140 160 180 200
0.02 i_ Data-driven Background : .' GeV/c?
0.018
B 4000/ »
0.016 = Fitted Background = ..
0.014F L s Y
0012;_ /— ....
0.01F / 2000 — ey
0.008 s s
0.006 - B e
0002 0__..,l...u..jdwﬂmm.'i..lm .
' 00: 3040 60/ 80 100 120 140 160 180 200 ¢ °0 20 ko o 1000 =0 dsn A8 150 200
2
M, GeV/c? M. (GeV/c')
1/2 Backaround tembplate Sandro e veuiu - Ui Fatis Vi o Vil LEINFIE HNZF O/
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* from inclusive b-Jets production...

*... to gauge boson + HF associated production
*Main background to Top, Higgs and NP searches

* = need for precise knowledge of b-tag performances

1/21/10 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/
CNRS

30



W/ Z /y bosons + HF Jets production

q AN Z q g q q
Q
Q VSN-Z 7
S
@ g Q g @
q

The study of W/ Z / y + Jets production is very relevant:

* to QCD:
» High g2 ( ~M,,.<o,) interactions, perturbative theory
» Less leading diagrams ( wrt pure Jets production)
» Test Monte Carlo generators (ALPGEN...)
» Probe for protons PDF (in particular W/Z + H.F. )

» for many high p; analysis where W/Z+HF is a main background:
v’ Top quark cross section and mass
v" Single Top cross section
v’ Search for low mass Higgs boson
v Several SUSY searches

... and plays crucial role also at LHC !

1721710 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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W+HF backgrounds in HIGGS WH -2 Iv bb

= 1 jet tagged jet sample

Jet Multiplicity w/o NN tag w/ NN tag
Before b-tagging 10647 10647
Mista 119.4 + 194 41.8 .
l Wbb 130.4 4= 446 120.2 &= 41.1
W e 48.9 &= 16.7 337+ 115
TA7 A7 A
tt(6.7pb) 431 +73 37.8 1+ 6.4
Single Top 227 24 20.1 £ 2.1
Diboson/Z9 — 77 1704+ 25 10.6 &= 1.7
non-W QCD 444+ 77 29.5 4+ 51
Total Background 4734 £ 669 318.8 =547
Observed(>1tag) 514 332

CDF Il Preliminary(6 7

CDF Run Il Preliminary (695 pb )

N~ 90
© = —e— Data
% 80F |:| WiHeavy Flavor
g E |:| Mistag
Q °OF [ Non-W QCD
; 60 [ ] Diboson/z®—tt
= B [ ] fi(6.7pb)+Single Top
g 50F SN Background Error
L = —— WHx 10 (m,=115GeV/c?)
40
30F signal region Mjj
20—
1 ofE
o" V\=| o L1l
v O 50 100 150 200 250 300 350 400 450 500
o 2
P < Dijet Mass (GeV/c")

‘.(i') -
CICJ 900 —e— Data
> - WFHeavy Flavor
L 800
s = [ ] Mistag
o 700 .. [ ] non-w QCD
o SN [ ] Diboson/z°— <t
E 600 SN NGO
s :l tt(6.7pb)+Single Top
Z 5008 . Background Error
- 7
400E \ \ _ ,\
300 __ N N N
: . N e
200
= ”’
100 [, S —
N | | '

W+1 jet W+2 jet W+3 jet W+> 4 jet

Expectations based on:

» MC predictions for EW and top backgrounds
* Fake tags (mistag matrix) applied to light jets
* Heavy Flavor background:

admixture of MC and data driven procedure

Jet Multiplicity -, _ uni. Paris VI & VII, LPNHE IN2P3/CNRS
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...and ... in Top analysis

CDF Run Il Preliminary (1.12 fb'ﬁ —

33 ' NS [ J7op (8.2 pb)
Q10000 e EW (& SiglaTop .
= Ew+gntravor  ———p Expectations based on:
® [ Non-w
g)}goo s, [ w+Charm ..
e Bl v+Botom * MC predictions for EW and
W 1 top backgrounds
E | H;>250 GeV - | |
Z 4ol w . Missing E>30 GeV. » Fake tags (mistag matrix)
.': >1 tight tag : applied to light jets
200: IO DU GGO */ ................................ _:
’ | e « CDF Method 2 admixture
1 1 E— 1 .
R 2 3 7 =5 of MC and data driven
Number of Jets

procedure

Gtt =8.2£0.5+1.0 pb ... how is this expectation obtained? >

1721710 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS 33



-2 HF estimates: CDF method 2

« Method 2 = Heavy flavor background
estimate in the b-tagged W + jets sample

— Signal = tt, single top, WH

 Main backgrounds
— W+ HF (W+bb, W+cc, W+c)

S (12 i) el DElE

 »

_ Data based

_ Data based s (diboson, Z+ets;

MC based

q dv g *-....\\ l—)
1721710 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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* At what level do we know W/Z + HF production ?
* Present measurements at Tevatron

* On going studies and perpectives

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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W + bb production results

0.14

0.12 |

Events / 0.1 GeV/c2
o o ©
o o) o =
H (@)] (07] -

=
o
N

1/21/10

In secondary-vertex-tagged sample, fit for light, ¢, b contributions

CDF Run Il Preliminary ( 695 pb™ )

-SECVTX Mass Flavor Templates
:_ — Bottom
! — Charm
- — Light (MC)

I A R ;'::EFD:!:E-—"IJ-: h e
0 1 2 3 4 5

SECVTX Mass (GeV/c?)

Events /0.1 GeV/c2

CDF Run Il Preliminary ( 695 pb')

: Fit of SECVTX Mass for Isolated Electrons/Muons (W”+1,2 jets)
120
Bottom : 3281+ 311%
100 I Charm : 47.03= 2%%
Light : 2015+ 377 %
x>= 28.12/36 Prob = 0.822
80
60 - —— Charm
—— Light
—— Bottom
40 | —— Combined Fit
20 +
0 - I .
0 5

SECVTX Mass (GeV/c?)

measure: 0.90+0.32 pb for Wbb (E+(j)>20 GeV, |n|<2.0
LO Calculation (énl_dlgge%le\clzlé -QIrZ%airi(s)VﬂgvP,lBPNHE IN2P3/CNRS
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Z+b jets analysis

q g Z+b jet. CDF RUN Il Preliminary
~§ by =M I AU LR LR '”I;”ééé‘éwa;é;l””“
s 200 ota
Z  § G e e Ask for the Jet to have a
® E>20 GeV —— E(PYTHIA)
Q i O s T A Secondary Vertex Tag and
9 Q 120
Z+=1 Db ta s
q z " J ...exploit light,charm to b
& separation from sec.vtx.
el ¢ Mass
( o = o3 Ty IR (1 TR € [ = 7
g ? M, (Gv;c’)
q
Z+ b jet. CDF RUN Il Preliminary Z+ b jet. CDF RUN Il Preliminary
= o W
E 140 « CDFdata 1 g 120} e CDFdata -
E L~15f" [(iight jets E o .:_ [Jrignt jets _:
3 120 E;'>120 GeV + Clcjets = e 100: Clejets -
100n"1<1.5 b jets = £ sl @b jets =
80 | : T F E=196TeV ]
I = 60— L~1.5f" -
| ! | ET(Jet) = C MS Vv 520 GeV
60 T —] Ty ecC tX <15 =
) 20 3
2 e : :
| = S Lo s les sy IR NN EETEE NN PN R
e'- . 0.5 1 15 2 25 3 39 4 " (‘ge‘.'.'cz)‘]

T Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS a7



Z + HF x-section from Tevatron to LHC

from hep-ph/0312024 - Tevatron : pr=15GeV, | n| <2, AR;> 0.7

Tevatron
Production (pb) | £Y Z(QQ; ZQj ZQ@ Zj | Zjj LHC
gb— Zb 104 | 0.169 | 219 | 0.631 ~1000
qq — Zbb 3.32 1.92 . 1.59 ~50
gc— Lc 16.5 | 0.130 | 3.22 | 0.49 ~1400
qg — Zcc 566 | 6.45 i 1.70 i i ~90
qgeZg,gquq - - - - 870 | 137 ~16000

172110 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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LHC example: b quark PDF from Z+b

-
N

11 - Q —— \ Z Q 2
8 | . 9 TrTE—e Q 9 € Q
g 7| :
°f - _
R 1 bb->Z @ LHC is ~5% of entire Z
s ] production
f: 1 Spread of existing pdf's gives a 10%
0 spread in the prediction of the SM Higgs
© , °  cross section
Even bigger impact on MSSM Higgs
production (sensitive to bb coupling)
el Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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* New generation of Jet Flavor tagger
 Highlights on first attempt to measure directly:
Z+b , Z+c, Z+uds

* go beyond method 2 like analysis

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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A new CDF H.F. Neural Network Tagger

* The underlying idea is improving the ability to
boost performance exploiting as much
information as possible:

— number of vertices (not just A SINGLE

secondary vertex a’ la SecVitx) and their
masses;

— displaced but un-vertexed tracks (tracks
not belonging neither to secondary vertex
nor to the primary);

— Soft leptons, JetProb, global jet variables
» Best to combine all info together in a single
discriminant: use (a series of) Neural Networks
(NN)
* NN training performed on generic sample to be

used in different analysis (top, single top, low
mass Higgs, ...)

0.1

0.04

Roma NN b-tag Jet Cone . /"~

T

IIIIIII]IIIIIIII

M.C.

uds

: : —
-1 -0.S o 0.S 1

romaiNN ocoutput

A Continuous tagging variable allow
weighting events to get the most of it in
terms of search sensitivity

GOOD b-c-uds statistical separation
allows the fraction of c jet to be studied as
well, HIGH Jet taggability: ~ 75%

Increased per-jet efficiency at same
background rate than SecVix:

172110 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS



1st step: new vertexing algorithm

Uses all tracks in the jet to try to find
multiple vertices: primary+all
secondaries.No cut on decay lenght as
usual b-tags.

JetCone/*'*

» b-hadrons often produces more than

-
-
-
-

one distinct vertex """"""""

« Jet containing two b-hadrons have

Primary Vertex
even more "

Output Node 1

» Tracks are unambiguously assigned to 3000
“closest” vertex based on their %2 2500

T[TTTT lllll

. 2000
> lterative procedure ends when no more

track can be associated to any vertex 1500

events

1000

» List of vertices found and associated tracks 500
passed to next stage of NN (un-vertexed 1 ,
tracks and HF discrimination) T 06 04 N R
Lt Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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2" step: track NN

» Selects un-vertexed tracks from HF

decays L
« Select 5 most significant variables and POCA (34)
train network to distinguish: PV } track
900 Qutput Node 1
* good track-vertex combinations (true  ,F
HF decay track and true HF vertex ok
decay) cuof-
2 500F
g 400;—
« from other combinations (fake track- 3005
fake vertex,fake-signal etc.) 200;—
100
(1]= [ B AR Lovv Py b by by

| 11 | 1 | 11
-1 08 -06 -04 02 0 02 04 06 0.8
Network output

1/21/10 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS



3 step: Jet NN

« Combine tracks and vertices

NN outputs, muons, SecVix,
JetProb, etc.

~| © sample [—»

/™ 3 le |——
5 different NN’s specialized to / sample >

input variables

separate two by two light, c, b, TMultP

ccbar, bbbar jets

Neuro Bayes

« Combine the 5 outputs to give a 5 flavour separation (light, c, ccbar, b, bbbar)
or 3 flavour (light, c, b) in a single tagging variable

» Present studies just on the simpler 3 flavors NN final output

172110 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS o



NN tagger structure

New Vertexing T @

\ Vertices NN /
multlple verticies
reconstruction \ Tracks NN /
(based on

CTVMFT)

NeuroBayes™

TMultiLayerPerceptron — ==—b . 3 flavour NN o 5 flavour NN

.
. ’
o0’ outputs

.
()
1721710 Sandro De Cecco - Un| Pans VI & VI, LPNHE IN2P3/CNRS
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Roma NN final output

« A Continuous tagging variable allow weighting events to get the most of it
in terms of search sensitivity

« GOOD b-c-uds statistical separation allows the fraction of c jet to be
more reliably studied.

« HIGH Jet taggability. ~ 75%

CDF Montecarlo 3 flavors NN output

-
2

jats per bin

IIIIIIIIIIIIIIIIIIII

Q

1 -0.5 o 0.5 1
172110 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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Advantages

« Work in pre-tag sample (Roma NN Jet taggability ~75%)
« Classify jets according to purity
« More efficiency at same background rate than SecVix

ke 2
= P
% 107 == . ':;»,
0 . — Prad
° 172) — P
Similar or better € £ i
performances thar - . PO e
Karlshrue and i _____.__.___._,__,__..._..:-:jf. o~ | e neuroBQ
Berkeley Neural A,.il'-‘__._,_.---""'“’ B jetNN_3_nedroin
-2 ey < - . o
Networks (proved "0 F 4 o B jctNN_5_nedroin
on MC) - o e B jetProbPos
: > ol - —-- LBL_nn_bl
= = -A = LBL_nn_bc
‘I::::I;:‘;: ‘l L1 11 I | I | I L1 11 I L1 1 1 I L1 1 5 I 11 1 I 1 IK|A|R|L|S|—"r|]r|] [
035 04 045 05 055 06 065 07 075 0.8

b efficiency

Lt Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS



Advantages

* Increased per-jet efficiency at same background rate than SecVix:
+30% (relative) on a p-pbar — g-gbar MC di-jet (Jet 20 - btopgb)
+16% (relative) for Z+j compared to ZH(120) MC

CDF Montecarlo

= 0.1 CDF MonteCarlo
<32 - by 10" —
g § | Z0'r) +jet vs Z(I'MH(bb) MC /
m B — —
=08 E - M,=120 GeV/c® net gain +16% /|
[ = t SecVtx Loo
0.06(— N |—m==== === == =
i 107 = SecVix Tight
0.04 _— ————————— |1
i I I |— RomaNN
i I :
o.02h : : | | ® SecVixTight
L 10° I | 1 | ® SecVtx Loose
[ I Il l
0 B l b L b 3 2 1 1 1 1 1 I | 1 1 | I 1 | !l | I I I 1 | Il 1 1 | 1 I 1 1
-1 -0.5 o 0.5 1 0.3 0.4 0.5 0.6 0.7

NN ocoutput Higgs b-jet efﬁcnency_

- ~ U0 DE LEeCCO - VI FdIIS VI VI, LENAC INLFO/UNIRO
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Top x-section in Lepton+Jets with cut based Roma NN b-tag

New !
T T T I T T T T I T T T T T T T T | T T T T | T T T T I T T T T
I]]IIHI] Cacciari et al., arXiv:0804.2800 (2008)
w 1200 — 3 ¢7 Kidonakis & Vogt, arXiv:0805.3844 (2008)
g N CDF Run Il Preliminary L=4.3 fb [ Langenfeld, Moch & we le 0906.5273 (2009)
o B ® Data Dilepton - 7.27+0.71:0.46+0.42
= 1000__ Wi 7.4 p0) (L=4.3 ") (stat) (syst) (lumi)
E B Il single Top Lepton+Jets (ANN) i 7.63+0.37+0.35+0.15
£ 800 _47 W+ HF (L=4.6 fb")
3 — Ww+LF f
2 u Lepton+Jets (SVX) 7.14+0.35+0.58+0.14
| - Non-W (L 4.3 b ) f
600|— Wz es
- — o soson All-hadronic 7.21:0.50+1.10+0.42
B (L=2.9 fb")
4001— I CDF combined 7.50+0.31:0.34+0.15
- P f +2/DOF= 0.60 m,=172.5 GeV/c?
200 — Lepton+Jets
r (RomaNN) 6.88+029+0.83+042
(L=4.3fb")
o |1JJlJJlllllllliillll'lllllllllll'
5 6 7 _ 8 9 10 11
1 Jet 2 Jets 3 Jets 4 Jets >5 Jets o(pp — tt) (pb)

1/21/10

— The cross section of pair produced top quarks has been measured to be:

6.88+-0.29,,,+-0.83, . +-0.42, .

sys

— using 4.3 fb-' of collected data from the high Pt lepton triggers. The
measurement is performed with TightRomaNN tagged lepton plus jets
events with >= 3 tight jets, Ht >= 230 GeV, and MET >= 20 GeV. This
measurement has taken the top mass to be 172.5GeV/c2.

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS

Higgs search in WH - In bb with RomaNN in the pipeline ...




Tuning NN output to data (aka calibration)

literative procedure to extract correction

log scale
functions (cf) = weights for b, ¢ and light gws = N =
MC tagger templates g [ A o
104 | 7 (S MC
= Lt "_“__-.“
- - y 10° = b ",
Data driven extraction of the cf's - e
exploiting the high statistic JET20, JET50 102
- {:: "L
data samples and the corresponding di- : i
bl 1y
Jet MC Samp|eS 7 08 ° fromagl-fl_nnout_3_Dl:TA
x10°
22,1405— 1 ) f\D/IaCmtotaI
Defined 3 independent and unbiased jet -‘31"-0;— ;f: e
samples with different HF content but hala 7
80—
otherwise identical jet properties sof
— each flavor has the same shape in all the aof-
3 samples 201 -:_-,.~
TR, WY fovistreee e e .
Correct for Data/MC disagreement & ' 0 ® fromaNN_nnout_3_DATA
linear scale

"2Vfeasure HF content at thessameditago - uni. F _.._ .

MC(Pythia) predicted b/c/lightfractions

A

0




Calibration data-set

« Define 3 independent flavor enriched samples selecting di-jet events
and asking for an away jet:

1

— SecVix tag and b/c LBL NN > 0.6 b-enriched (B)
— SecVix tag and b/c LBL NN < 0.6 c-enriched (C)
— SecVix untagged light-enriched (L)

%:::_ B b-enriched *"36:::: C c-enriched é::— L light-enriched
" (~ 24 * 103) L (~ 35 * 109) F (~ 5783 * 10°)
S Sample b-jets c-jets light-jets
S B 0.234 + 0.009 0.058 + 0.004 0.708
§ C 0.096 + 0.005 0.092 + 0.004 0.812

L 0.022 0.052 0.926

1/21/10

Sandro De Cecco

- Uni. Paris VI & VII, LPNHE IN2P3/CN
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Templates calibration with Jet DATA

Fraction evolution as a function of the iteration.

(£11] (£ 21] (£31]
e - e 1 c 1 ]
o E o E 2 -~ |
G 0.9 G 0.9 G 0.9
- = - = W - E
~ 0.8F *“ 08 Eor = 08E b —
0.7Es 07 0.7
- E E c
0.6 0.6 0.6
055 H 0.5 i 3 ]
b-enriched = c-enriched : light
A 0.4 0.4
0.3 z— 0.3 0.3 z—
O ... 02 2= light-enriched
0.1 :—’im",,,, (1 | - 015 )
o '2|0‘ . .4|0. . '610‘ . '810‘ . |1‘Im‘ . .150‘ - b v v 1, : S
20 40 120
iteratiol iteration

S| ¢ E

-_lg 510%—

8 10“;

Ct) 103;—

8 102;

3 1ol

Y I ' c

()] e R 1| L
Q ! 0 NN_out:Jut " 08 tOt M C — NN_out:)ut
1/21/10
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Roma NN full application: Z+HF

 l|deal play-ground to test the new Roma NN tagger

— Easy signature PR L LT
— Low jet multiplicity I
— Analysis based on 1.1 fb-! 102

T lIIII[lI

| Ll Ll l Ll I Ll Ll I - =l I Ll | e I L1l Ln Ll
40 50 60 70 80 90 100 110 120 130 140
M., GeV/c

 Interesting measurement by itself: QCD generators, PDF's...
* Major background to ZH channel Higgs search
« Understand how to extrapolate corrected templates from generic di-

jet samples to Z+jets signal sample:

— STRATEGY: re-weight di-jet data to match E; spectra in the target sample
(eventually re-weight for other event related observables)

— Test case for other extrapolations: to top, Higgs,...

172110 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS o



Z+HF fractions with Roma NN b-tagging

Roma NN b-tag output fit in Z+jets events, L= 1.6 fb-"

Enti

Toy MC estimate on b, c fractions uncertainty

CDF Run }f Preliminary L =1.6 fb CDF Run Il Preliminary L=1.6fb"
§ QA\\' o Roma NN output % Itat::l;ig E 045:_ c-jet fraction fixed to 0.03
— : ] WW+WZ+ZZ bkg C ;
- &?‘ b, a— MC Z+b 04—_ - - f.expected stat. uncertainty
102 ?Qv %‘\\Q ; '-_l‘"- — mg g:ﬁds ; f, expected stat. uncertainty
: 4 . 0.35_—
10 _ 0.3:—
- 0.25
- | C
I C
1 = | 0.2_—
- : -
N 0.15
10'1 | : 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
1 0.005 0.01 0.015 0.02 0.025
romaNN output b-jet fraction (f,)
— Could allow for the first time a simultaneous measurement of Z+c and Z+b
Ccross sections.
— Application of the Roma NN tagger to other samples: one could fit top/higgs
cross section together with the W/Z+HF background as a function of jet
multiplicity.
1/21/10 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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New generation Jet Flavor Tagger, Outlook

* The whole concept of Method Il

component in each jet multiplicity bin

could be revisited also with the use HF sample composition for Higgs,
of a powerfull, high efficiency and Top and searches analysis is
well simulated b-tagging tool - becoming more and more crucial
change paradigma:
| jetNN_5_neuroin {outVal_5==-1} | htemp
- 400 — Entries 7400
* No need of working out the tagged = ¢ b Mean 05075
sample from the pretag sample and 3B0E- 1 e RMS  0.2446
questionable HF fraction from MC %00
2502—
* |In principle one could fit the top/ 200
higgs cross section and the W+b/c 150F

taking in to account fake, and other e
EWK bkg! ... to be followed up ... = — A Mg
and discussed... O =06 04 92 0 02 o0f —be  op

jetNN - 5 samples

*  Further possibility: building block are
there the to tackle also the b/bbar (c/
ccbar) jet issues

Uiz Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS 55
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* a look to LHC now

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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B-tagging in ATLAS

» Many studies has been made for soft-leptons, IP tags and multivariate

 Also b-Jet trigger at HLT level based on likelyhood
* For now concentrate on IP tag validation of performances, on MonteCarlo:

 ATLAS

107

10

1/21/10

M
[ [JJ

A g(a)= 11 um
IIJ\ (O) H

b-jets
u-jets

\

o
'y
il
It
P AR—
200 40C 800 800 100C
a, (um)

Light jet rejection
o

w

-y
o
N

—
o
N
LRI

10}

d

~-- IP2D

I l l 1
' ! IP3D
---- IP3D+SV1
- JetProb
. —— IP3D+JetFitter
ttbar L
ATLAS preliminary L ™
L.d L.l L L Jd L.d
3 0.4 0.5 0.6 0.7 0.8 0.9 1

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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B-tagging in ATLAS

*For the first data concentrate on IP tag validation ... and on DATA:

Tracks Impact parameter Anti-KT cone 0.4 Jets
w '_2100|9 3EIAM T T T T I T T T T I T T T T | T T T T —
¢ 900 e ATLAS P ;e"”:)’:’(:::’ e - ATLAS Preliminary
=3 C Data Run 141749 LB 22-100 ean 0. : :
8 800:_ Monte Carlo r873 (nominal) RMS 0.195 '-.g | \j§=900 Gev i
_§ - Mean 5.37e-05 o
E 700 RMS  0.191 ° 102 = -8-Data —
C (] - -
600 Qg n = Non-diffractive minimum bias MC
- p>1GeVic = - ]
500 nl<2.0 a - _
- #hits b-layer>0 g 10 EMScale B
400~ = S =
300F N i
200 f— B _
C 1 = 3
100 - L ay 3
%: 11 | 11 1 | 11 1 I 11 I 11 I 1 17 5 1 0 1 5 20 25 30
-0.8 -06 -04 -0.2 0 0.2 04 06 038
unbiased d, w.r.t. primary vertex (mm) p. (GeV)
1/21/10 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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Future: boosted objects decaying in bb ?

At LHC one can have highly boosted sizeable fraction of heavy particles
decaying in bb and merging in single reconstructed JET:
* try to explore Jet substructure, guided by b-tagging interest regions

b b
o —_— R" —_—
mass crop fiter

Possible applications to:

I WH with H>bb  or J%M:" «det  top — tagging”

Z jet for
top p.

172110 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS .



Summary:

1/21/10

Reviewed main b-tagging strategies and their use
Highlight the relevance of b-tag control for background processes studies

W/Z + HF processes not yet fully studied, now starting to characterize at the
Tevatron.

New generation NN Jet Flavor Tagger being developed at CDF and being
tested in Z+b, Z+c measurement and used in Top and Higgs analysis

... lot of knowledge progresses on HF production and b-tag are an important
Tevatron legacy to the LHC ... a rich research ground for next years...

B-tagging is a fun and challenging topic

— Design/calibration of taggers has a lot of physics in it
— Not a solved problem — still room for good ideas

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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Thank you

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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Backup

Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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Method 2 on One Slide

Start from the W+jets data before
tagging (pretag)

] — e N — NPretag
Estimate MC-based backgrounds a]r\{éI’C (ZGZSZ )f/\dt Vo = S nonw N Data
Non-W

NW = NP”etag _NnonW _NMC_N

Data signal

Subtract to get pretag W yield

btag
Ny = = Ny Fyp€p,

Multiply by heavy flavor fraction and v

tagging efficiency to get W+bb, W+cc,

W+C btag Negativela NW B NWHF
NW — N 4 g

Data Preta
LF g
N Data

Subtract W+HF from pretag and get
W+light flavor from mistag matrix

Nﬁ%g = (E()'isisbmg )fMt NiftsiW = fnonWNlb)tgiI
Estimate tagged backgrounds from "
MC-based and non-W backgrounds

1721710 Sandro De Cecco - Uni. Paris VI & VII, LPNHE IN2P3/CNRS
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Z+HF fractions expected uncertainties

S5 40" ~CDF RURILMonte Carlo Fitted fractions with statistical error (MC)
. - Total MC
- MC "b b fraction 0.0200 + 0.0036
o2l MC [ ¢ fraction 0.040 & 0.014
2 light fraction 0.940 + 0.011
107 ;—
- « Used MC templates to evaluate
100 L expected uncertainty
- « Generate 1000 experiments with
-5 | | | . . .
R 05 0 08 et 10000 events each with input fractions
of b, c, light 2,4,94 [%]:
0.12 r
— Allow a measurement of . SecVix mass
0 - S Bottom T lat
Z+c cross section with j C:::T::::t:
. . . 0.08 -
~30% relative precision :  Light Flavor Template
. . 0 0.06
— Statistical separation for b j
-jets better than SecVix -
mass by roughly 15% for vor
equal luminosity I RS SO I :
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Multivariate Tagger (DQ)

1/21/10

7-variable neural network - —ggg E;ke
— Vertex mass, L, /o, % f 0'5;
— Number of vertices/jet i
— Jet total and displaced track 5§ osf
multiplicities £ of
— Jet probability ) E
Vertex tagger uses a “super-loose” - K
tune to get info on more jets R
Tagger
Train to separate b-vs-light 35 rof —+_51Lr\lip
g I =
Can improve efficiency or mistag by % 5°; L e
25%, up to a factor of two in the & cof e R
efficiency/purity extremes i /ﬁé
40
Efficiency and fake rates have been -
measured in data o R S S S S
Ready for analysis use 0 °5#1I55215$F1|39R‘;te;‘,5)
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Set of Jet Algorithms

K
SR, dj = min(k2, k2)AR2/R?

hierarchical in rel 1 momenta

Cambridge /Aachen
SR, d; =AR;/R?

hierarchical in angle

anti-k;
SR, dij = min(k 2 , K. 2)ARQ/F&’2

gives perfectly conical jets

SISCone
Seedless Infrared Safe cone +-SM

gives ‘economical”’ jets

This 3 Algorithms are studied in order to understand their performances
under different physics processes and detector’s conditions.
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Jet Areas

clustered v

1/21/10

hard jet

b, (GeV] CamiAachen, R=1_|

A sample parton-level event, together with

5. For Kt and Cam/Aachen the detailed shapes are in part determined by the

many random soft “ghosts”,

1] 33 ~
C V C C C U

e resulting
specific g7

setof ghostsused, and change whenthe gostsare modified:



Pileup subtraction using Jet areas

Basic Procedure:

» Use p, /A from majority of jets (pileup
jets) to get level, p, of pileup and UE in
event

» Subtract pileup from hard jets:
Pt ~* Pesub = Pr — Ap
Caccian & GPS 07

Illustration:
» semi-leptonic tt production at LHC

» high-lumi pileup (~ 20 ev/bunch-X)

Same ssmple procedure works for
3 range of algorithms

1 M N
~ :

LN AN 1O ]

1N M e )
= :

£ 60 8 Wl WO 145 WO D W0 20

MCOr ORI W /0 mass o
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Invariant mass vs Jet size

-1
/5 Max # reco. massive objects in window of width w = /M
=M T Total # generated massive objects
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Figure 3: The quality measures Q7. (left) and Q '° 1,09 (right), for different jet algorithms as a function

v M
of i, for the 100 GeV g case (top row), 2 TeV gg (middle row) and top reconstruction in #t events (bottom

oW ).
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