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Vector Boson + Jets

Test of pQCD predictions and Monte Carlo Models

- NLO pQCD predictions available up to 2 (3) jets
- Several Monte Carlo tools available
= LO + parton shower (eg. Herwig, Pythia)
* Tree level + parton shower (eg. Alpgen, Sherpa)
- Validate these tools with measurements
- Also background to small cross section processes

Will present:

® Z(~> up) + jets .
® Z (>pu) + jets angular distributions | Z/y
® Z(—>ee) + jets
* W(->ev) + jets
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« Data described by NLO pQCD I
« PYTHIA and ALPGEN below the data, SHERPA better
« ALPGEN describes shapes well, except at low pT(Z) 4
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Z/Y*(-> up)
+jet(s) angular
distributions

10, d6,,,,/dA0 (1/rad)

Ratio to SHERPA

> Avoids systematics of
Jet calibrations!

* Reasonable agreement
between data and NLO

« Significant improvement of
NLO compared to LO

S. Grinstein - Moriond QCD

Phys.Lett.B68
E D&, L=10fb" P
1['_1__ ® Data o
E == NLO pQCD + corr.
C = SHERPA
1[I'2§—
E ]
— "
10—35_ "." (@)
= ‘ﬂ
C R
C ®.- 65 < My,< 115 GeV
10° W <17, ps > 25 GeV
- Reone=0.5, I > 20 GeV, [y™| <28
= | 1 | 1 | 1
® Data
3| ==—=NLO pQCD = =LO pQCD
— Scale & PDF unc. — —Scale & PDF unc.
2F $ X
ﬁ . pu
L=
1 7
0.7+
0.5-
TR B -
0 D5 1 15 2 25 3

Ad(Z, jet) (rad)

differences

2:370 (2010)

Ratio to SHERPA

Ratio to SHERPA

 Event generators tend to
have normalization and shape

* Alpgen + Pythia (Perugia)

improves description

 Sherpa best describes the
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DS Z/V*(-> ee) +jet(s)

« Jets: pr> 20 GeV, |y|<2.5, R=0.5 Phys.Lett.B678,45 (2009)
e Electrons: E; > 25 GeV, 65 < Mee < 115 GeV

* Binned in the pT of the n-th jet
P; (15t Jet), Normalized with o(Z)!
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Z/y*(-> ee) +jet(s)

Phys. Rev. Lett. 100, 102001 (2008)
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Good agreement with NLO pQCD
predictions including non-pQCD correcjions
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q,&,< {(qﬂw< W+jets Production
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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)
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Vector Boson + HF Jets e "/

Important for physics
program at Tevatron

> For QCD T
= Test perturbative QCD predictions et |
= W/Z(y) direct probe of hard b,C-Jet
scattering dynamics
= Sensitive to PDFs HF content

CDF Run Il Preliminary (1.9 fb™)
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» Understand Background
= W/Z+HF production is bkgd
for: ttbar, single top, and
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= Challenging to accurately
simulate need to validate 20
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Dijet mass plus
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g e ez T Rclusive Z+b

b z b——iwwz —wme<?  Test of background for Higgs / SUSY
Considering both electron and muon channels ¢ t8c——rrr T E
. . C . + ]
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b
< W+b-jets production
W - /v (l-eu) selection:
- e E{>206GeV, In| <11

v - i pr>206GeV/c, In| <10
W ﬁ - v: Missing Ex MET > 25 GeV

1 or 2 jets in final state
(too much top in 3-jet bin)
b-Jet selection:

- Cone algorithm, R= 0.4

Large background for many analyses
- SM Higgs (WH) production
» Single top quark production

+ Tt production . - E;>206eV, |n| < 2.0

s ' | ~[_]Top 2p0) - b-identification: “ultratight"

$ [ Ew & singte Top ] ]

: ,, B W+t Favor - W+b-jets cross section:

:. """""""" I non-w bjet bjet

5 m Il W+ Chafm Oy oriee LBl = Ni-tags LF ™~ Nijg

E 08 Bottom Wrbjets LxAxg

5 . ] Nb B tags: number of b - tags

! 1‘bjetS b— jet purity in b - tag sample

“ FIRVIIPYY. ] Ngf(zts : number of tagged b — jets not fromW +bb
= pean 11

4 =5
Number of Jets S. Grinstein - Moriond QCD



£ W+b-jets production

N bjets

Df bjets _

Nb -tags bkg "q's % A  Data
0-W+bjets [Br = D - bottom contribution
L X AX & BOE— charm contribution
Major b-jets bkgd. (/B ~ 3/1): ™ T
- ttbar (40% of total bkgd) 60 = 1.3 4.7(stat) £ 6.4(syst) %
- single top (30%) sof- w2 126t 350t %
- Fake W (15%) - ,
- WZ(5%) 40— arXiv:0909.1505v4
302_
Measurement: 20—
o-BR=2.74 £ 0.27(stat) + 0.42(syst) pb 105_
(pr2>20 GeV/c, |nev <11, py>25 GeV, = ] el
E,biet>20 GeV, |nbiet|<2.0) % .5 15 2 25 3 35 4 45
M, (GeV/c?)

Recent NLO prediction:

0-BR = 1.22+0.14 pb (J. Campbell,
F. Febres Cordero, L. Reina)

Measurement higher than Alpgen
and NLO predictions (~30)

Alpgen (LO) prediction:
o-BR=0.78 pb

12
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W+ Single ¢ Production w

Motivation:
Probe s-content of proton at high Q2
- gts~09, grd~0.1. %
Important BG for top quark studies, s

searches for Higgs, stop... W_
Handle on charm tagging
C

V
Strategy: R{E@ W+
* W l|+v selected by high pr e, u+ MET I Vv
* Charm-jet identified by the soft lepton 5
tagging (SLT) algorithm.
Jet

Utilize charge correlation between W
lepton and SLT lepton.

- W-+c production: opposite sign (OS)

- In W+bb(cc), simetric (SS ~ OS). - Main OS-SS backgrounds
N OS-SS  _ \jOS-ss * Fake W
Oue XBr(W o |y) = T2 b © Welight jets
LxAxe + Drell-Yan .
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W + Slngle C - DO uses both e and muon soft leptons

. For jets with pt > 20 GeV, |n|[<2.5
Production - Measure the ratio oW+c/oW+jets.

Many systematic uncertainties cancel.

O e Data (18 | 0z

| (7)Y ]
G100f B W-LF g F w L=1f" | 3
o - ] Other — 0161 —
— 80 S 018 - Alpgen (v2.05) + Pythia (v6.323) ®
o) - -t AT = -
= 60l = §| Lozt .
g - overflow bin| © % ;T 0.1 N
1 49 2 220,08 - =
) 20l - S € T51]1.1:"55— g
“:{j b -~ 0.04F g
7p Dl— | T ey I : CN) E_ 8
O 10 15 20 25 S M , =

SLT muon p, [Gerc] 0b s oye

jet P [GeV]
a,..Br(W - 1) =9.8+2.8(staf) 15 (sys) £0.6(lumpb 4
We: o —Wre = (,074+0.019stat) 0 (syst)

NLO:110%, pb(p;. >20GeV/c,|n. [<1.5) O+ jets

LO (Alpgen+Pythia): 0.044 + 0.003

In good agreement In reasonable agreement 14
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W+ Single ¢ Production

+ 4.3/fb result using electrons

from the charm decay i P—
e Charm: pt>12 GeV and [n|<1.5  Swnof Eg;cgtsg

5 i ets
800 |- —dafa: OS+SS

CDF Run Il Preliminary, 4.3 fb"

CDF Run Il Preliminary, 4.3 fb’

600 |-
250 |- i

) Wejels

Entries
S
3
=]

B 400 |-
200 |- -9- & Z+Jets :
[ l ) W+charm 200

Lagms
- data

150 |

. et
0 50 100 150
L W boson M_[GeV/c?]
100 |-

SLT (electron) performance
studies

50 |-

Plan to combine SLT muon and
soft electron P, electron measurements to

UWCXBI’(VV = |/) = 33-7111.4(Stat) + 47($/St) pb reduce error.

NLO:17.8+1.7pb(p,. >12GeV/c, |7, <1.5) In reasonable agreement
15
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Final Notes

* Tevatron providing precise QCD measurements
* W/Z+jets and W/Z+HF:
* Test and tune event generators
(critical for Tevatron and LHC programs)
* Main backgrounds for many processes
(Higgs, SUSY..)

v W/Z+jets:
» good agreement with NLO predictions

v W/Z+HF:
* First Z/W+HF measurements start challenging
theoretical uncertainties
« W+charm well described by recent NLO predictions
» W+bottom does not agree well with predictions

> Tevatron: expect 12 fb-1 by 2012
» LHC: first QCD measurements this year
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HF -Jet Identification

Lifetime taggers:
* Most common b-tagging technique
exploits long lifetime of b-hadrons

- 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)

S. Grinstein - Moriond QCD
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Displaced
Tracks
Secondary
L S i Vertex
Xy s
d, l
e x
Prompt tracks
\167139 \\ Micaing 1 2 63 Gev
AN

Muon Pt = 3 eV
1

Tagged Jet 1: Et = 63 GeV, Phi =§% L2d = 5 mm

Tagged Jet 2: Et = 42 GeV, Phi= AN2d =2 mm



