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Introduction: Why V+jets

* Test of pQCD predictions.

* W/Z+jets final states are the dominant signatures for the
identification of a number of heavy particles produced at high
energy, both in the SM and in theories beyond the SM.

* Tevatron crucial to the study of these processes and the
development and tuning of MC tools: first extensive
comparisons between data and MC.

*At the LHC larger available energy than at Tevatron:

* More jets; larger kinematic reach

Cross sections spanning several orders of magnitude

Higher relevance of processes initiated by qg and gg

Different contribution to the cross section compared to Tevatron
Processes with heavy flavor in the initial state become important
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W+jet results

* Inclusive measurement of W(eV)+ njet (n=1-4)
as a function of jet transverse momentum
* Jets reconstructed with midpoint algorithm

with R=0.5,

pT > 20 GeV and |y|< 3.2

* Measurements corrected at particle level
e Compared to NLO pQCD for njet up to 3.
e Compared to LO pQCD in the 4 jets bin

® The measured cross
sections are generally
found to agree with the
NLO calculation.

* Some regions of the

phase space might be
improved.
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Z+jet Results
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Z+jet Angular Distributions
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Z+]jet results

Measured Z/y"+=2 jets production as a function of several kinematic distributions at hadron level.
Muons and electrons decays are combined.
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* Anti-kt algorithm (R=0.4); pt>20 GeV; |y|<2.8; jets are considered if AR-jec>0.5
*Detector effects corrected for using bin-by-bin unfolding

eCross section measured as a function of several kinematic variables



Z+jet results
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Both for W+jet and Z+jet:

*Very good agreement with NLO (renorm. and fact. scales = Ht/2) predictions from MCFM
and Blackhat-Sherpa in the total and differential cross sections

* Good agreement with matched LO prediction from AlpGen and Sherpa once normalized to
the NNLO prediction

* Poor agreement with LO PYTHIA in the high jet multiplicity
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(Z+1 jet)/(W+1 jet) Rjet ratio

Muon (Fiducial) Combined (Fiducial) Combined (Full Phase Space)

-
&

1-jet)
1)
1)+ 1-jet

1-jet)
1-jet)

| Ldt = 33 pb

o (=]

— MCFM ATLAS

» |\':1 -

)I\':)-
S(Z(>11)+ 1-jel)

YUV 4

121 Ful Boson Phase Space

oW (
oll(>pup)+
a(W

olZ (>
a(W

* Probe QCD dynamics without QCD uncertainties

* Theory uncertainty is reduced in the Rjet ratio(control on systematics at few precent level): in
particular there is significantly reduced dependence on the PDF

*The Rjet is measured for events with only one jet with pt>30 GeV and |n|<2.8 as a function of the
minimum jet pT

*Results are given for the electron and muon channel separately and also combined, both in the fiducial
and total bosons phase space

Very good agreement of NLO prediction from MCFM

Very good agreement with matched LO prediction from AlpGen and PYTHIA (norm. to data)
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e Same technique of W+jet.
e Measurement of:

o(Z + n jets) | 0(Z) and o(Z + n jets) | o(Z + (n-1) jets)

Both W+jet and Z+jet show:

* Good agreement between data and
MadGraph in control plots.

* Good agreement with MadGraph,
poor agreement with Pythia at high
jet multiplicity as expected.

* Berends-Giele scaling behaviour:
MadGraph shows reasonable
agreement with data.
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In addition
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inclusive jet multiplicity, n



V+Heavy Flavor



W+c Tevatron

Rate of W+c production sensitive to s quark content of the proton.
Charm jet identified by soft lepton tagging (SLT) algorithm (electron or muon).

02¢ DO Z @ Data (~1.8fb")

- 120 -
0.18E L1 : [ ]Wec
0.16 100k L IW+LF

0145 Alpgen (v2.05) + Pythia (v6.323) i 7] Other

overflow bin

2012

o(pp — W+c-jet)
o(pp — W+jets)
S o
00
|

0.06 -
101 e
0.02 - '

OS-SS Events / 3 GeV/c

10 107
jet P, [GeV]

15 20 25 30 35

SLT muon p-[GeV/c]
Wie —0.074=+0.019(stat) %2 (syst) Oy XBr(W—=1v)

O

O w4 jets

+1.4
LO (Alpgen + Pythia)  0.044-+ 0.003 9.8+2.8(stat) ,;(syst)*£0.6(lum) pb

NLO prediction (MCFM ):11.0" ', pb
PRL 100, 091893 (2008)

New result with SLTe ready by next month: still
of interest because of different pdf x region at the
Tevatron with respect to LHC

16

Phys. Lett. B 666, 23 (2008)




W+c CMS

* Select events with muon pT >25GeV/c,nN<2.land at least one jet pT >20GeV/c,n<2.1.

* Require at least one jet tagged with SSVHE algorithm.

* Extract W+c yield by fitting to the SSVHE discriminator with MC templates.
- Fit extends to negative tags (where SV is in “wrong direction’); helps to constrain the W+l
component.
- tt component checked in control region in data with inverted jet multiplicity cut.

CMS preliminary

Measure the ratios:

ﬂ- - I I I | I I I | I I I | I I I I I I | I ]

N 9OF 36pbT at Vs =7TeV E

RS = o(W'c)/ o(Wc) @ 80 E

R: = o(W +c)/ o(W + ) 8 708 £

5 : W*+charm .

w— 60 W*+light -

Results: SN 0 " .

= 500 P -

N Fol Other bckg. ]

R = 0.9240.19 (stat.) +0.04 (syst.) € 40F E

R. = 0.143 +0.015 (stat.) & 0.024 (syst.) Z aof E

In agreement with MCFM predictions at NLO. 0F j E

101 =

Ratio || MCFM (CT10) | MCFM (MSTWO08) | MCFM (NNPDEF21) - | | .

RE 0.91570.00 0.8817002 0.902 = 0.008 0 4 o2 0 2 4 6
R, 0.1257008> 0.11870005 0.103 = 0.005

I:)SSVHE



W+b CDF

*One or two jets, reconstructed with a cone algorithm
with R=0.4 Vertex Mass Fit

.jet ET = 20 Gev and |n|< 2-0 tjl‘._.__:lgn:— CDF Run Il Preliminary - 1.9/fb
*Events with at least one b-tagged (ultra- tight %anf_ | + Data
secondary vertex requirements) E ] bottom contribution
¢ B . 20l ] = charm contribution
*Use vertex mass to discriminate between b, c and light  $'¢ it —— LF contribution
iots 60— :_E B Summed contribution
J : ] g = § b= 71.3+ 4.7(stat) = 6.4(syst) %
* Templates obtained from MC (Alpgen+Pythia) st H c= 159+ 5.5(stat) %
e Backgrounds from data (multijets) and MC wof 4 + T b s
- it _ KS Prob = 84.8 %
3nf— '
znf—
0. XBr(W-=lv) ok
2.74+0.27 +0.42 pb ”

M. (GeVic?)
ALPGEN =0.78 pb

(MCFM) NLO pQCD=1.22+0.14 pb

PRL 104, 131801 (2010)

Higher than NLO



W+b ATLAS

A maximum likelihood fit to the SV0 mass distribution is used to

separate b-jets from c- and light-jets, and extract the flavor 3 oE ATLAS e Data 2010m8e7 ToV 3
fraction on a statistical basis. ©  gof- Muon +2jets —— s
£ 70 ) Walight
L% 60> E rrlulli jet
The SVO b-tagging algorithm is based on requiring a displaced 50 %‘émmop
c c . . . Other EW
secondary vertex reconstructed within a jet with a decay length 40 ~ |
. Ldt=35pb
significance > 5.85 - -

* SVO mass template are modeled with MC %
* Template systematics: data vs. MC in multi-jet events enriched SeconCary Vervciiass [Ie)
in light-, c-, and b-jets.

* Event fitted yield is corrected for all detector effects with MC

LO matched prediction for Wijet (including heavy flavour) from

3 -

- 20
ALPG EN '8_ A Electron Chan ATLAS
; B Electron and Muon Chan Data 2010.\s=7 TeV
1 o ¥ Muon Chan. :
°| b-tagged jet & g = NLOSFNS ngt =35 pb

o C T Tl e DS fa d6 s SALERST ) B o LA S L A L S e ST 1= S s S ALPGEN + JIMMY
o I or 2 ]et (b-jet from ME and PS)

ALPGEN « JIMMY
* Fit each jet bin separately for e and [

(b-jet only from ME)
10 PYTHIA \ 4

o(W-= v +

NLO prediction obtained in the 5 flavor number scheme [F : 1 % Y ] Sl
Caola et al. arXiv:1107.3714] I + b 1= & |
NLO agrees within 1.5 sigma with the measurements

%%



B Z+b Tevatron

DO fit a discriminant built using vertex
mass and track probability to originate CDF fits vertex mass to extract the flavor content
from primary vertex

CDF Run Il Preliminary

Jets reconstructed with midpoint algorithm | Jets reconstructed with % 20

) : . § om0 ~ rawrose
with R=0.5, pT > 20 GeV and |n|< 2.5 cone algorithm with 2 60— [o — Lo
= Positve tagged ots R
~ 600 R=0.7, ET > 20 GeV z :;g J Ly e oo
o -~ - Total Jets 1404
= DO, 4.2 b and |n|< 1.5 ot | LLL
~ I '
c i Data
5400_ i - b Jets s | .-J:Jnn:‘
o -+  C Jets 20 e
Light jets 0 05 1 15 2 25 3 35 4 45
Total M, [Gevic']
i o
200 i
L e -
| ) Good agreement 2 _ 0.284 = 0.020% £ 0.029%%'%
L é . ’TZ
— H T with NLO
= = T ol = A:LL..;!_.'.'__.— e g . o 'TZ_’J;Q’\' ~ stat A 7SVS
0 02 04 06 08 y 1 prediction —= =224 £0.24° £ 0.277%%
D.% O Zjet

o(Z+bjet)/ o(Z+ jet) =0.0193
+ 0.0022 (stat) £ 0.0015 (syst)

lo compare with NLO prediction with MCFM:

. Q=mz+pPrz7 | @ =<PTju
In agreement with oI5 [~ 023 % 038 %
oy 1.8 % 2.2%

MCFM prediction
Q?=m?z 0.0192 + 0.0022 20




Z+b ATLAS

* Inclusive b-jet production cross section in association

with a Z boson ‘250 iczizixéu 2010 A\ s=7TeV)
* Jet fitted yield is corrected for all detector effects with 2 [ 1 -

MC LO matched prediction for Zjet (including heavy = IBRog i
flavour) from ALPGEN and SHERPA | [ Lot-s6p

e A maximum likelihood fit to the SV0 mass distribution |
is used also for Z+b to separate b-jets from c- and light- 201 ATLAS

jets.
10~

® Fit the combined e and P samples and each b-tagged jet
in the event

e | vill % el
5 6 7 8 9 10
SV0 mass [GeV]

® At least | b-tagged jet

MCFM in good agreement with data within uncertainty Z+b uncorrected b- ]et spectrum
> A R AN B BEEN RAY RENS LS BEAE R B R BARE A

- [Ldl:&opb -Z|---_u'],l}°(l 3

g : | Z(=>p*p) « light ]

Experiment ~ 3.55702%(stat)"0- 23 (syst) + 0.12(lumi) pb 5 aﬁ'; o |

I Diboson
B Single top

MCFM 3.88 + 0.58 pb | |
ALPGEN 2.23 + 0.01 (stat only) pb : y
SHERPA 3.29 £ 0.04 (stat only) pb 107} oo

20 40 60 80 100 120 140 160 180 200‘220 240
Z| p, (b-tagged jets) [GeV]



Z+b CMS

H+b NLO prediction has large uncertainties

* 30% scheme dependence (variable vs fixed flavor schemes)

(\1\35_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIII_
° + ° L [ CMS Preliminary ]
Z+b data should help to clarify S a0l Ns=7 TV, L =36 pb ;Eﬁs E
B-tagging descriminant variable built from flight distance S £ c-jets ]
o 25— B l-jets —
between PV and SV = 1 P -
) . . : @ [ igh efficiency b-tagging -
* SSVHE: high efficiency selection with =2 tracks attached to 5200 -
SV s E
® SSVHP: high purity selection with >3 tracks attached to SV : ]
10F —
Determine Z+b purity in selected sample from binned ML fit: 5| E
* SV mass or B-tag discriminant shape - 1
e 0
o 0O 05 1 156 2 25 3 35 4 45 5
e MC templates for b, c, ligh-jet components B oy Srie mass (GOVE)
: _ o(pp—=Z+b+X)
Measure: R = o= 2 %)
Results compatible with MadGraph (scaled to NLO) & MCFM
Sample R(Z — ee) (%), p% > 25GeV, [17¢] < 2.5 | R(Z — up) (%), pr > 20 GeV, |7#| < 2.1 e BLT
Data HE 43+ 0.6(stat) £ 1.1(syst) 5.1 % 0.6(stat) £ 1.3(syst) Limited statistics:
Data HP 5.21 + 1).0(stat() + 1).2(Syst() ) 4.(6 + 0).8(Stat() + 1).1(5yst() ) scheme dependence
MADGRAPH | 5.1 £0.2(stat) £ 0.2(syst) = 0.6(theory 5.3 £ 0.1(stat) £ 0.2(syst) £ 0.6(theory
MCEM 4.3+ 0.5(theory) 4.7 + 0.5(theory) cannot be resolved yet

Dk



Conclusions

* Presented results on V+jet measurements from 4 experiments using
collisions produced by 2 accelerators with different energies and colliding
beams.

* NLO predictions in overall good agreement with the measurements.The
event kinematics is also well modeled by the matched LO event generators.

* These measurements are a crucial input to searches for heavy particles
* Tevatron will end its data-taking this Friday: ~10 fb-1 of data.

* At the LHC, analyses are currently being updated with 201 | data: will allow
more detailed study of W/Z+jets production with higher statistics and
improved systematics uncertainties.

For more information:

e CDF: http//www-cdf.fnal.gov/physics/new/qcd/QCD.html

D0 : http//www-dO.fnal.gov/Run?2Physics/VWWW/results.ntm

e ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults#W_Z_Physics
eCMS: httpsi//twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEVWK

LB



http://www-d0.fnal.gov/Run2Physics/WWW/results.htm
http://www-d0.fnal.gov/Run2Physics/WWW/results.htm

