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High pT QCD Physics at 2 TeV

/ W/Z  Big step forward in Run IT

- Larger statistics

* Increased pT range

* Measurements in wide rapidity region
we« Tmprovements in jet algorithms

* Inclusion of non-pQCD contributions

W/Z + Jets major background to many
measurements and searches

fragmentation
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Non-pQCD Contributions
/-

« Non-pQCD contributions
w __ * Underlying Event

" event (remnant-remnant interactions)

/ Fragmentation into hadrons

fragmentation

Jet

Underlying Event and Fragmentation 213
contributions must be considered before .,
comparing to NLO QCD predictions
(only way to perform a fair comparison) 1

Midpoint R, =0.7, ... =0.75, |¥|<0.1

Parton to Hadron-level Correction

Uncertainty

Precise measurements at low Pt require /
good modeling of the non-pQCD terms '

0.8

Dedicated measurements are needed o7 e
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to validate the Monte Carlo modeling Pr (GeVic)
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Underlying Event Studies

Goal: improve understanding and modeling of high energy

collider events

Jet #1 Direction

Define 3 regions in an event,

based on the leading jet “Toward”
“toward"
" " “Transverse” “Transverse”
away
“transverse”

“fransverse" region
- very sensitive to underlying event

Study (in all regions)

» charged particle density
e pTsum density

« Etfsum density

Away Region

Transverse
Region

Leading
Jet

Toward Region

Transverse
Region

Away Region




4 Underlying Event in Drell-Yan and Jet Production

- charged pT sum density
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@ DATA
— PYTHIA Tune A " ;
- PYTHIA i
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® PYTHIA Tune A describes the data
(enhanced ISR + MPT tuning)

* PYTHIA default too narrow

* MPI are important at low Pt

- HERWIG too narrow at low Pt

We know how to model the UE at
2 TeV for QCD jet processes
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¥(r)
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CDF Run Il Preliminary

p.(jet) > 25 GeV/c
IY(jet)] < 2.1

‘P(r) = 1 PT{O,I']
NJG"S jets PT(O’R}

Integrated Jet Shape

Z— e'e +jets

—s— Data

—— Pythia Tune A

— Alpgen+Herwig

—— MadGraph+Pythia Default
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Statistical errors only
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) : Zee +jets
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= 40+ P! > 30 GeVic, [y*'] < 2.1
_cn;.' I AR(ejet) > 0.7
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: —s— Data
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10 *
I Statistical uncertainties oﬂly_#:tf
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* Implementation of proper modeling
of UE still needed in new W/Z+Jet(s)
Monte Carlos....very important

* Pythia tune A: good agreement



jet electrons
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DS Z/Y*(-> ee) +jet(s)

« Test pQCD predictions and event generators
« Jets: pr> 20 GeV, |y|<2.5,R=0.5 hep-ex/0903.1748
« Electrons: E; > 25 GeV, 65 < Mee < 115 GeV SprexTE

P+ (15t Jet), Normalized with o(Z)!
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Z/Y*(-> pp) +jet(s)

hep-ex/0808.1296
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» Data described by NLO pQCD

* PYTHIA and ALPGEN below the data (consistent with LO prediction)
« SHERPA in between LO and NLO predictions (better at large Pt)
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ar e

< W+jet(s) Production

x 10 more cross section than Z+jets
But requires to control QCD and Top bkgs
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Good agreement with pQCD NLO calculation (includes non-pQCD effects)
At low P+ Monte Carlo needs a better modeling of UE (ALPGEN+PYTHIA)



Vector Boson + HF Jets —€% s

Important for physics o
program at Tevatron
> For QCD T
= Test perturbative QCD predictions i
= W/Z(y) direct probe of hard  D.Cojet
scattering dynamics
" Sensitive to PDFs HF content CDF Run Il Preliminary (1.9 fb”)
» Understand Background g"’““‘ o 0. o
= W/Z+HF production is bkgd ~ E e | = Hage 206 10
for: ttbar, single top, and }

searches like Higgs, SUSY...

= Challenging to accurately
simulate need to validate
data

0 50 100 150 200 250 300 350 400
Dijet mass plus



b-Jet Identification

Lifatime 1 ek N

Ifetime taggers:

*  Most common b-tagging technique .
exploits long lifetime of b-hadrons L/ Vemex

W r
s

Secondary vertex:

> Select tracks in jet

- Identify displaced tracks (not from
primary vertex)

> Make secondary vertex with displaced
tracks

- If large transverse displacement (Lxy)
jet is b-tagged

Soft Lepton Taggers:
Identify soft leptons inside jets
(~20% semi-leptonic branching fraction)

Need to characterize tagger: efficiency and
mistag rate (light flavor tags)

Tagged Jet 1: Et = 63 GeV, Phi =107 L2d =5 mm
Tagged Jet 2: Et = 42 GeV, Phi =291\ .2d =2 mm



b-Jet Identification (cont'd)

0.7 ; Tag efficiency for real yets

BB L oose Secyix

0.6 — Loose B Tight SecVix ]
C == Ultra-tight Secvtc
0.5f -

Lifetime tagger, different
operating points:

Efficiency

0.4f

Loose: optimized for efficiency 0.3

(e.g. double tagged analyses) “2 /G;tight\

0.1F
Tight: optimized for purity O 040 60 80 100 120 140 160 180 200
. Jet Et (GeV)
(e.g. top cross section) Mistag rate for b-Jets

Ultra-tight: very high purity
(reduce mistags)

Mistag Rate

o 20 40 60 80 100 120 140 160 180 200
Jet Et (GeV)




Dijet Production (b_b)

DR(tag,tag) Q
0.2} ] ] —WW< P
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0.1- g Gluon Splitting Direct Production
0.08- ' :
:-gﬁg— l Small DR Large DR
0.02f | 3 E

I R I S

CDF Run Il Preliminary

—&— 2 3VT-tag jets sample

Measure phi correlation to get insight
on contribution of LO and NLO ferms.
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Number of events
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e a

LI | 1
\ Hp

Total fit

Secondary vertex mass used to separate “°f

bottom from (uds + ¢ ) contributions 200

D [ =
4 10
Sum of 2 jets sec. vertex inv. mass (GeV/c?)
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Dijet Production (bb)
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g » e e Tnclusive Z+b

b 7  b——lwwwa-7 q—dﬂﬂﬂﬁﬂf<g Test of bGCkgl"OUﬂd for Higgs / SUSY
Considering both electron and muon channels ¢ 18c———r———r" Y E
and jets with Et > 20 GeV and |n| < 1.5 § 1o *  CDFDat TZog)

P [/ LU I L DL L B DL R L R ‘:? :::E_ _MCFM02=m% j
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_ 2 . _ < 14T o ALPGEN Qs E
MCFM:1.8% (G=M; +F;) ; 2.2% (Q= <R,>) & = | oL
. . . . 3 1= 1 e PYTHIA =

Measurements in agreement with predictions 2l o8- 3

(large uncertainties in both data and theory) S ELC S — , E

>No complete NLO prediction in the Z+bb case 3| 3 E E

. =N V£ L —
translates into a large scale dependence B g, m——

Also large variations between PYTHIA and ALPGEN
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q :S@<z W+b-jets production

W - /v (l-eu) selection:
- eE;>206eV, |n| <11

v - wpr>206eV/c, In| <10
q W < - vi Missing E; MET > 25 GeV
4 - 1 or 2 jets in final state
Large background for many analyses +  b-Jet selection:
- SM Higgs (WH) production - Cone algorithm, R= 0.4
- Single top quark production - E;>206eV, |n| <20
. tt production - b-identification: "ultratight”
JOf Runll Preliminary (11200 ) & o +  W+b-jets cross section:
§1m‘ ] Ew & single Top et et
% 7 [ ] weLight Flavor o Br = Nb—tags L¥ s — Ngg
EBM E:I’c:nc-:t\;rm e L X AX €
ém__ I wiotom Nb_—tags: numberof b —-tags
e m—% fRIES |y jet purity in b- tagsample
ool I— Ngjkzts : numberof tagged - jetsnotfromW +bb
ol ! s = ]

1 2 3 ry =5
Number of Jets



& W+b-jets production

0_W+bj6ts [Br _ Nb—tags Df bjets _ th))lj(gts %::; cmi Ru;:t:rellmlnary-tgifb
R AXE Sl e
Qm:_ LF contribution
Sob T Summed contribution
Major' b-je‘l's bkgd (S/B ~ 3/1)- gﬁog— b= 71.3% 4.7(stat) + 6.4(syst) %
- ttbar (40% of total bkgd) LF o 126- a5y
- single -|-Op (30"/0) 40; KS Prob = 84.8 %
- Fake W (15%) o
- WZ(5%) 20f
Measurement: 8 _ : |
0-BR=2.74 + 0.27(stat) + 0.42(syst) pb M, (GeV/e®)
(p+2+>20 GeV/c, |ner [<1.1, pp>25 GeV,
E. biet 520 GeV, |nbiet|<2.0) The measurement x3.5 larger than
the Alpgenprediction. Waiting for
Alpgen (LO) prediction: other theoretical predictions
g-BR=0.78 pb (MCFM NLO etc.)




W+ Single ¢ Production

Motivation:
Probe s-content of proton at high Q? (d,s,b)
- g*s~09, g+rd~ 0.1,
Important BG for top quark studies,
searches for Higgs, stop...
Strategy:
W— I+v selected by high pr e+ MET g OO
Charm-jet identified by the soft lepton 3
tagging (SLT) algorithm.

Utilize charge correlation between W Soft lepton tagging (SLT)
lepton and SLT lepton.

- W+c production: opposite sign (0S) ~ i ‘

- In W+bb(cc), same sign (SS) ~ OS. ¢ x

- Main OS-SS backgrounds
N OS-SS  _ £\jOS-SS * Fake W
Ow..XBr(W - lp)= = B9 + W+light jets
LxAxe . Drell-Yan




W + S|n9|e C « DO uses both e and muon soft leptons
For jets with Pt > 20 GeV, |n|[<2.5

Production « Measure the ratio coW+c/oW+jets.
Many systematic uncertainties cancel.

o X -1
=2 e Data (~18fb )
D F [1We < "k ’ DO
100L [ WL ~ 3 w L =1fp"
o : [ Other 8 016 _§'
— 80 <>\$< o014 - Alpgen (v2.05) + Pythia (v6.323) ®
..E ﬁ[} S ;ﬁi Lo12F g
@D - overflow bin| X == o4E o
= 40} - 1T o
N ) g('g0.08 @
% 20k - r \c§ © Eu.ua;— §
'l'.'b DI—I.... biaaly L .|. D.Dd;— ------- ©
O 5 10 15 20 25 .y .
SLT muon p; [Ge\ﬁc] 05 e
jet P, [GeV]
_ 1.4 o)
UWCXBr(\A/ - | V) = 98(Stat.)i 281-16(%/St)pb _Wie =) 0740, OlQStat.)-Fgg:lM(WSt)
NLO:11.0%5 pb (p,. >20GeV/c, |7.Kk1.5) G-+ jets

LO (Alpgen+Pythia): 0.044 + 0.003

In good agreement In reasonable agreement



Final Notes

* Proper Modeling of the Underlying Event

» Z/W+jet(s) : good agreement with predictions,
results test background estimations in
searches for new physics

* Good understanding of Vector Boson and HF
jets production critical for Tevatron and LHC
= First Z/W+HF measurements start
challenging large theoretical uncertainties
= W+charm well described by recent NLO predictions
= W+bottom does not agree well with predictions

* Tevatron promises ~8 fb-! by End 2009
(further improvements likely)

» First LHC physics data by End 2009 ...

"Just checking."



