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Outline

e Purpose of this talk
-> save time for the following speakers !

e QOutline
-> W+jets (light and heavy flavor) measurements at Tevatron and LHC

-> Z+jets (light and heavy flavor) measurements at Tevatron and LHC
-> estimation of the W+jets background in top analyses

=> estimation of the Z+jets background in top analyses
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Why do we care about V+jets ?

e V+jets physics
=> stringent tests of perturbative QCD
=> checking/tuning of MC

e In top quark physics

=> one of the main background in the lepton+jets and dilepton channels
tt W+jets
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e Theoretical status
=> NLO predictions for V + up to 3 jets at Tevatron , V + up to 4 jets at LHC
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Jet Reconstruction

e Tevatron
=> midpoint cone algorithm

=> cone radius: CDF R = 0.4, DOR = 0.5

D

SEINEIETITITe][=5)
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o |HC
=> results with 7 TeV data

=> anti-kt algorithm
-> cone radius:
ATLAS: R =04
CMS: particle flow with R = 0.5

out of cone R
\\

P; rtic !( -

e Calibration t °
=> corrected for hadronic scale (after EM calibration)

undcrlying

event

In most of the MC/Data comparisons shown in the following,
the measurements are corrected at the particle level within the acceptance cuts
(results valid for specific ranges of lepton and jets kinematics)
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W+jets experimental measurements
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-> jet selection : pt > 20 GeV, CDF:

W+jets Tevatron results

In|<2, DO: |y|<3.2

=> normalized to the total inclusive W cross section: cancelation of systematics (or to the NNLO incl. prediction)
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W+jets LHC results

-> jet selection : pt > 20/30 GeV, ATLAS: |y|<4.4, CMS: |n|<2.4

=> normalized to the total cross section: cancelation of systematics (or to the NNLO inclusive prediction)

=> unfolding: ATLAS: iterative Bayesian unfoldlng, CMS: smgular value decomposition (SVD)

PRD 85, 092002 (2012)
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W+heavy flavor jets at the Tevatron

e W+c: Sensitive to the s quark content of the proton e v e v
=> W+c: ~ 5% of W+1jet (pt>10 GeV) ;li g—‘<
-> use soft lepton tagging and difference in sign between c and W ) ) ) '
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e ATLAS: W+b/bb

W+heavy flavor jets at the LHC

=> event with only one tag

=> template fit of the vertex mass distribution
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/+jets experimental measurements
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Data / ALPGEN

/+jets Tevatron results

-> jet selection : pt > 20/30 GeV, CDF: |n|<2.1, DO: |y|<2.5
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/Z+jets LHC results

-> jet selection : pt > 30 GeV, ATLAS: |y[<4.4, CMS: |n|<2.4
=> unfolding: ATLAS: bin by bin, CMS: SVD

=> also compute the ratio o(W)/o(Z) and

test the «Berends-Giele» scaling o(Z+n jets)/o(Z+n+1 jets) =a + n
(B compatible with 0)

PRD 85, 032009 (2012)

'8. 10° Je A'IrLAS 21y (= ') ejets (lwep "0'r'b|‘|wd\ B . 3 ‘ . e s ‘ :
-l _ / 1018 (le )2 ’ o . ATLAS 2/ (= ' )+jets (l=eu combined)
3 - [Ld‘. = 36 pb 747 Data 2010 (\s = 7TeV) O " Ldt=38pb ¢ Data 2010 (\s = 7TeV)
. v - o ~ Py = ] - vV = _ o
% 10" anti-k, jots, R=04, : ff:'usN HERWIG E E-, 2yt +2 1 jet, —&— ALPGEN + HERWIG
3 Py >30 GeV, Iy |<4.4 ; "a‘l & - anti-k, jets, R = 0.4, —=— Sherpa
=0k _— CEgoe“é“ “’H : - 8 I p"s30Gev, y"|<s4  S¥S NLO BlackHat
- g o] UL : -S 10 CTEQ66,n =H+/2 5
N’ 10: \L-—-.—-——- et »
© [ : - ]
10 ® 1
F : = sy -
Easaeane soseeeerd 1
L . :
'E e 10" o
4 L N« o o o o o & o o o
1.6/~ 2% Data 2010 / BlackHat " T SEPURDVEDUS RPN 4 S EDUEDU SN S e——
O 1 2| =3 thecretical uncenaintes 16— o O'm 2010 thkH1t
Z 12 9 - B3 theoretical uncertainties
= PP PPPP PRI Z 1.4
& 1 ”
S 08 a 14
p— 7, . [
- 724 s 1 [ I i
L el U . S © s8l— Z .
1.6/~ &% Data 2010/ ALPGEN T e t————————— ———— SED——
O 1.4 =3 NNLO uncertainties 1.6F- ,’/ Data 2010 ALF’GEN B
<12 T e 3 NNLO uncertainties
g\ —~
g : 7
o 08 // s A .::
06 — Al - »> — O
1.6~ a4 Data 2010/ Sherpa
2 - -——g—e—e e
g 14 ‘ 181 a7 Data 2010 / Sherpa
12 : oy A //—‘j/a/i//'«/ /// 9 14
% 1) Mtl///f/x PrPr P - Ao | S
S 08 o) 12 M "‘ ARl SIS / /./ // az/«./az/"/
0.6 ) 8 1* "'
1 22 3 4 0.8+
N, e 80 10 0 160

good agreement for the multilegs (scaled to NNLO inclusive prediction)

and NLO generators

CMS
|

.(Q 1 ] ] ] | | =
c ! .
. 36pd' atVs=7Tev
g 10 . E
E/" > 30 GeV 3
B * data ]
g 10° 0 Zopu }.
= B op .
3 10° B other backgrounds Y
10° o
10
1
10°
o L L L4 T T T
15 -
:E-: 1——0t—7o0— + -t
g 0'5 - A 2 2 2 L L -
0 1 2 3 4 5 6
exclusive jet multiplicity
JHEPO1, 010 (2012
01, 010 (2012) CMS
) i T . T ]
_Q_) m!m‘ 3spb'al\l§=7TeV
[ . - | L B
i ) 10 3 Z —»ee :
ST F 3 Ef >30GeV ]
T 10t E
: o cata — .
- energy scale — — E
x @7 unfolding .
10°F  — MadGraph 22 —
g - MadGraph D6T .
- w— =« Pythia Z2 —
1 1 ]
) - T T T
| - -
§-il 0.3 [
el -
= 3 0.2 _—
+ N P See™ PR T ¢ v c— — . — - —
N |+ 0.1
- % 0 i L 1 ! ]
1 2 3 4

inclusive jet multiplicity, n

uncertainties: ~ 13 - 20 % (Z+2jets)

Frédéric Déliot, Top2012-Winchester, 17-SEP-2012

12



Data/Theory

Data/Theory

Z+heavy flavor jets at the Tevatron

CDF:
=> midpoint cone algorithm with R=0.7

=> pt > 20 GeV, |n|<1.5, lepton selected with NN

=> template fit of the secondary vertex mass

COF Run B Prelmmn ary

e DO:
=> pt > 15/20 GeV, |n|<2.5

=> template fit of a discriminant variable

from the secondary vertex mass and probability
from the track to originate from the primary vertex
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/+heavy flavor jets at the LHC

e ATLAS: Z+b/bb
=> pt > 25 GeV, |y|<2.1

e CMS: Z+borZ + bb
=> pt > 25 GeV, |y|<2.1

-> template fit of the secondary vertex mass > template fit of the secondary vertex mass

PLB 706, 295 (2012)

% rW‘*"YﬁWTﬁ VVVVV YvT."*_"YvV_"”‘*V*"'_T-YvY'"T*T“:
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SV0 mass [GeV)

Experiment  3.55'033(stat) ') 23(syst) £ 0.12(lumi) pb

MCFM 3.88 £0.58 pb

ALPGEN 2.23 + 0.01 (stat only) pb

SHERPA 3.29 + 0.04 (stat only) pb
uncertainty:

of the leading jet

arXiv: 1204.1643
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G250 cMms N & I Z+bb ’ CMS Preliminary *
W0 Vs=7TeV,L=221b" O nf Ns=7TeV,L=211fb" |
o p (\‘. w - T -
(=] Dimuon sample N S Dilepton sample
) T 50
g + Data o " * Data
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20}
10}
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Secondary vertex mass (GeV) Secondary vertex mass of leading jet (GeV)

Z+b: 5.84-+0.08(stat.) + 0.72 (syst.) "z (theory) pb
MCFM prediction: ¢MCEM — 4 73 4 (.54 pb,

parton

Z+bb: 0.37 £ 0.02(stat.) 4+ 0.07(syst.) & 0.02(theory) pb
Madgraph prediction: (.33 + 0.01(stat.)pb.

~ 15-30 % ( + angular correlation between b-hadrons with 2)
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The bottom line

e V+light jets at the Tevatron and the LHC
> measurements agree with predictions from NLO and multilegs generators

(scaled to the NNLO inclusive prediction)
-> measurements would enable constraining MC predictions

precision: W+3jets: ~ 20%, Z+2jets: ~ 15%

e V+c/b jets at the Tevatron and the LHC

=> in general, measurements agree with predictions from NLO and scaled multilegs generators
some discrepancy in CDF measurement of W+Db jets, LHC data agrees with predictions so far
-> measurement uncertainties are larger than the typical MC predictions

precision: W+c jets: ~ 25%, W+Db jets: ~ 20-30%, Z+Db jets: ~ 15-30%

e more results than the ones that I presented here
e further measurements with higher statistics expected both from Tevatron and LHC
+ measurements @ 8 TeV

Frédéric Déliot, Top2012-Winchester, 17-SEP-2012
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V+jets background determination in top analyses

e different techniques between experiments/colliders and analyses
=> will discuss only some of them (based on the cross section measurements)

e general recipe (with exception) s
-> V+jets shapes from MC (Alpgen/Madgraph) X
scale: M2y + (Z ptpartons)?
=> V+jets normalization from data

=> ratio V+hf/V+light rescaled using NLO predictions and/or

check/constrain using data g q g 4

- 4 b

e Alpgen/Madgraph hf overlap removal

-> when V+hf/light samples produced separately 5 >4 | ut

=> hf can arise from matrix element (ME) or parton shower (PS)

=> possible removal procedure: hf overlap removal based on jet angles:
PS if AR(j,hf)<0.4 otherwise ME

Frédéric Déliot, Top2012-Winchester, 17-SEP-2012
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W+jets background determination at CDF

e W+jets with Alpgen+Pythia
o In the tt cross section analyses:

-> W+jets normalized to pretag data after subtraction of the other bkg
=> measurement fitting a flavor separator (NN) in 9 samples (1-5 > jets, 1 or 2 > b-tag)

* constrain the bkg with the 1 or 2 jets sample, floating normalization (Kbby/cc/c)

* allow to reduce the systematics related to W+jets PRD 84, 031101 (2011)  cpF Run 11 2.7 fb"
38 - ¢ Data
* 3 : i & WTop
measured K-factors in agreement with theory 2 250 E =wm Eu Ea E % % % %
* Wee
Kbb — 1-39+0'28-0.22 200 - Bwe - - - : : : :
© , EwsLF L 2 2 v oo
20 ew S 8 3 3T 20w
150 ~ | Daco e B e e B T 1
N M < W
100

@ Single top cross section: y2/ndf = 88.37/83 Flavor Separator NN Output
-> W+n jets pretag data sample used to scale the Alpgen prediction

-> flavor separator fitted in the 1 jet sample to scale the W+hf : Ki=1.4 £ 0.4

=> 30% uncertainty for the extrapolation to the W+2/3jets samples
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W+jets background determination at DO

e W+jets with Alpgen+Pythia

o In the tt cross section analyses:
-> normalization fitted after subtraction of the other bkg together with cross section measurements

=> by jet multiplicity

=> ratio Rhs = W+bb-cc/W+light and Rc = W+c/W+light corrected using NLO predictions (also check on data)
Rhf = 1.47 £ 0.22, Rc = 1.27 £ 0.15, uncertainty of b-tag cross-section from Rnf: 0.2 pb

* can also fit Rnr together with the tt cross section using samples with 1 or 2 jets, w/o and w/ b-tag:

Rof = 1.55 = 0.09 1] , uncertainty of cross-section from Rps: 0.02 pb

PRD 84, 012008 (2011) 12000 - .
P ) (a) DO, L=5.31b ", 1+2 jets
DO, L=5.3 fb”, 0 b-tagged jets —
«- Data (a) 10000 1 —e— Data
a8 10°4 -8’ - !
S B Other c 800 *ﬁ- B Other
g Wijets P == Visjots
- B Multijets T 6000 4 — B Multijets
°  10* 2 ——
2 Y 000 ——
E q
2
< 103 2000 4 q
o Jre R e —
- P e
; 0§ — i e
0 : ; -
2 3 -4 ® 9% ' —t—
& 01

Number of jets . : - -
© o1 02 03 04 05 06 07 08 0% 1

RF discriminant

e single top cross section:
-> W+jets normalized with the multijet bkg before b-tagging using lepton pt, MET and W transverse mass

=> W+hf scaled to NLO predictions (checked on 0-tag, 2 jet sample), uncertainty: 12% on this normalization
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W+jets background determination at ATLAS

e W+jets with Alpgen+Herwig

o In the tt cross section analyses:
- fitted together with the tt cross section

-> alternative : use the W charge asymmetry (more W* produced tha

*r = W* / W- well known theoretically, other processes give equal

n W~ in pp collisions)
number of Wt and W-

* r can be used to extract the total number of W+jets before tagging (4 jet inclusive):

rvc + | » 2400 T T S P PP A R
W=a pre-tag = Nw+ + Ny - = ( ) (D" —D") £ 5 Joc ATLAS Preliminary -+ Data 2011, Vs = 7 TeV
'mMmC — ] g) 2000 IL dt=0.70 b M tt B QCD Multijet
- yen [ W+Jets @ Other EW
* D*/ : number of events in data after selection u + Jets ' et @ et
1200 '
) i ) ' 4Jets | =25Jets , ' 4Jets | 25Jets
* hf scale factor determined in 1-2 jet o i i w
w/o and w/ b-tag samples 400 : : |
E | |
3 15F
COU 1 O B cints ."."—“;’“? i ’.0"”.—0:.0'.":+l.wi.’f;é;',"“’“'"'t’w ’é;..”"i&‘.a‘".j-"i ot .'.’:',I‘o
2 05
& 0 20 40 60 80 100

e single top cross section:
-> W+jets scaled by 1.2 (inclusive NNLO predictions from FEWZ)

-> W+hf fitted with the signal
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W+jets background determination at CMS

e W+jets with Madgraph+Pythia
o In the tt cross section analyses:
- untagged analysis: template fit for W+jets and tt of discriminating variables (MET, M3 or Mp)

-> tagged analysis: template fit of the secondary vertex mass for W+jets and the hf scale factor

hf scale factor slightly higher than NNLO predicted scales: W+b jets: 1.9%%6 45, W+c jets: 1.4 £ 0.2

PRD 84, 092004 (2011)

CMS Preliminary 28fb" at |'s =8 TeV

> 700i STTTITI T T T T I IrTT] TTTTITITT T T 5 e Data .[f .‘f-ll'u;zle Top .'.’: +-jets D'-\’w jots D'-\'OU'-M;. .Z‘-rl: I:]OCD
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o 600} ! 250 =
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e single top cross section:
-> template fit of |ny| (hon-tagged jets) in sidebands using the 2 jets, 1 tag sample
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Z+jets background determination

e Tevatron: Alpgen+Pythia, LHC: Alpgen+Herwig, Madgraph+Pythia

o In the dilepton tt cross section analyses:
=> Z+light/hf multileg generator prediction scaled to NNLO predictions

- or Z+jets data driven scale factor: scale data with MET cut (cut value depending on in the tt selection)
in the Z mass window (after subtraction of other bkg)
then use MC to predict the ratio of events inside/outside the Z mass region

=> The data driven extraction agrees with the MC predictions but usually leads to smaller uncertainties

(Aa/o ~ 1-3 %) arXiv:1208.2671

Candidates I CDF Run Il Pl’."ﬂiﬂ.fy (9‘1 'b) 1400 CMS 2.3 fb-1 at \Ig = 7 TeV
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100— / Syst. Uncen 1200 [ oy (@) ]
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- | m
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Conclusion

e a lot of V+jets results from 2 colliders and 4 experiments:
-> measurements agree with the NLO MC predictions

=> multilegs generators suitable to reproduce most of the V+jets kinematics
W+b/bb measurements compared to predictions ?
=> still more results/checks to come
e various methods to measure the V+jets background in top analyses:
=> depending on the needed precisions:
* use multilegs generator scaled to NLO predictions
* data driven normalization (agrees with the MC predictions) or fit together with the top quark signal
-> because of the advanced developed background estimation technique usually the achieved

uncertainty on the V+jets background is small
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The Detectors

; n= 0 n= ‘/ Muon Detectors
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Liquid Argon Calorimeter

IRT Trecker

23



Z+jets angular results at Tevatron

=> selection : Z: pt > 25 GeV |y|<1.7, jet: pt > 20 GeV |n|<2.8

=> sensitive to QCD radiation, use for MC tuning
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Sherpa describes correctly the shapes but not the normalization
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Z+jets angular results at the LHC

> Jet SeIeCtion: pt > 50 GeV |n|<2'5 CMS Preliminary, 1s=7 TeV, L=5.0 fb'
. . . n . a q 510‘{ r?"'mv l 'D;ﬂ -
=> measured by jet multiplicity, inclusively in pt(Z) or boosted (pt(Z)>150 GeV) ¢ me
> Ewz
CMS Preliminary, {s=7 TeV, L=5.0 fb" 2107 ! ' l \ T\ ! k ww.? &
§10’§—z’*"" ";;(:o g L 2PN 23
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Good agreement with Sherpa and Madgraph
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