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Vector bosons + jets at LHC

Production Cross Section, o [pb]

Physics of V(=W/Z/y) + jets is an essential part of the CMS physics program

—_
o
>

—r
o
w

—
o
N

—i
o

—

L IIIIIII

—
<

Mar 2014 CMS Preliminary

(I

ERRRRLLL
¢

W inclusive }

W
i

$7 TeV CMS measurement (L < 5.0 fo)

-7 TeV Theory prediction
-8 TeV Theory prediction

¢{'

Z+b
1

K

VALY
k
B
i
b

)

Wk+3l
il
o wHbb
VA Y]
E

Z+3j

|1 |||||
W +5]

B S

$8 TeV CMS measurement (L < 19.6 fo”

T T 1T 1T 1T T 1T 1. T 1T T 1T T T T T_1

w 21  =22] 23] =24 =25 =26 1c 2b Z 2] 22 23] =24 =21b 22b it 1j 2
Fiducial W and Z os with W—lv, Z— Il and kinematic selection

3j

1 & powerful tool to deeply test the

perturbative QCD predictions:
- PDFs
- new generation MC generators

- NLO effects

- Flavour schemes, b/c mass effects

® Higgs and BSM background
-HZZ, HWW, SM backgrounds
- SUSY with hadronic final states

- 4th generations of heavy quarks

- 2HDMs

Very good agreement for inclusive V+jets cross sections at 7 and 8 TeV
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W+jets /Ldt: 5fb1 \/s= 7 TeV

[PLB 741 (2015) 12]

selection criteria

- QCD: estimated with a data-driven method requiring  10°
reverting the isolation cut
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CMS Vs =7 TeV 5.0 fb’
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- unfolding data to account detector effects using the

1.5
SVD algorithm and compare to particle level MC
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Theory/Data

theoretical predictions (see next page...) 0.5

- MadGraph5+Pythia6 (LLO) =1 =2 =3 =4 =5 =6
jet

- BlackHat+Sherpa (NLO) detector level jet multiplicity

showing the background composition

- Sherpa (LO) 3



W + ]ets unfolded differential cross sectlons
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. : - known discrepancy in NLO due to - discrepancy in the
- LO predictions over-estimate data i diserepancy repancy
the limitation of higher order collinear j-u system for

- good agreement with NLO contributions both LO and NLO



Z + jets differential

/Ldt: 20 bl /s =

selection criteria
- ee, up with pp>20 GeV and | Nn|[<2.4

- >1 antiKTO05 jet with pT > 30 GeV, |n|<2.1
- dilepton mass 71 < M(1l)< 111 GeV

Cross sections

- unfolding data to account detector
effects using the Bayes Iterative

algorithm and compare to particle
level MC

theoretical predictions

- MadGraph5+Pythia6 (LO up to 4jets)
- Sherpa(v2) (NLO for 0/1/2 jets)

svstematics

- Jet Energy Correction/Resolution
- Unfolding
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——#§—— Madgraph + Pythia6 (s4j@LO + PS)

[CMS-PAS-SMP-13-007]

good
agreement
in the jet
multiplicity
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Z + jets differential / Ldt= 20 b1 /s = 8 TeV

1 ion criteri CMS Preliminary ’
selection criteria 0.6 o (8 Tow) S5~ Data
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unfolded leading jet momentum




Z + jets double differential

/Ldt: 20 fbl /s =

CMS Preliminary
196178 TeV) [CMS PAS SMP-14-009 ]
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0.0<lyl<0.5 (x 109
0.5<lyl<1.0 (x 10°)
1.0<yl<1.5 (x 10%)
1.5<lyl<2.0 (x 10°)
2.0<lyl<2.5 (x 109
2.5<lyl<3.2 (x 10"

3.2<yl<4.7 (x 109
MadGraph Z+ = 4] @LO

Sherpa Z +1,2] @NLO, = 4j@LO

similar selection as 1D
Ztjets measurements

d® o/dP(j1) dy(j1) [pb/GeV]

- only pp final state
- pseudorapidity up to 4.7

theoretical predictions

- Sherpa(v2)
(NLO 0/1/2 jets)

- MadGraph+Pythia6
(LO)
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unfolded double differential cross sections as a function

of the leading jet momentum and rapidity
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Z+0b,Z+0bb

/Ldt: 20fb1 /5= 8 TeV

selection criteria

- >1 antiKTO05 jet with pr > 30 GeV, |n|<2.4
- b-tagging: exploiting SV mass discriminator
- >1/2 b-tagged jet with pr > 30 GeV, |n|<2.4

_ dilepton mass 71 <M(l)< 111 GeV
two samples: Z+ >1b and Z+ >2b

background

- tthar: data-driven estimation in
an eutjets control sample: extract
both shape and normalization

- Z+c, Z+light- flavor MC templates
extracted from SV mass fit and subtracted

- dibosons taken from MC

Cross sections

- unfolded (SVD) data compared

with: . MadGraph5+Pythia6 (LO) 5FS
- MadGraph5b 4FS
- Powheg (NLO for 1jet)

systematics - Jet Energy Correction
- Unfolding

Events

Data/MC

[CMS-PAS-SMP-14-010]

e important test of pQCD * important
with heavy flavors: 4 background for new
flavor scheme (b physics and Higgs:
massive) and 5 flavor HZZ, SUSY, 4th
schemes (b massless) generation...
CMS Preliminary 19.8 b (8 TeV)
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b-jet multiplicity
detector-level inclusive b-jet multiplicity
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Z+0b,Z+0bb

/Ldt: 20fb1 /5= 8 TeV

unfolded leading b-jet pp cross section unfolded Z boson py cross section
(Z + at least 1 b jet selection) (Z + at least 1 b jet selection)
- y
L 1
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leading b-jet p_[GeV] Z boson p_[GeV]

4FS overall better agreement in shape, but 20% normalization discrepancy



/Z +0b, Z+bb

— 8 TeV

/Ldt: 20 bl /s

R( ) dO’(Z—I—b)/dx Z +atleast 1b jet
X) = : :
dO‘(Z -+ ]ets) /dx Z + at least 1 jet
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4FS overall better agreement in shape, but 20% normalization discrepancy



Z+0b,Z+0bb

do /d M, [pb]

Theory / Data

/Ldt: 20fb1 /5= 8 TeV
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good agreement with both MadGraph 4FS, 5FS and Powheg



/Z+b, Z+bb

/Ldt: 20 b /s

8 TeV

(ARZX — ARZIR) Zb Asvmmetry unfolded A¢(bb) cross section
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Z /Y differential ratio / Ldt= 20fb" /s = 8 TeV

[arXiv.1505.06250] e important test of NLO predictions

* important tool to model Z—vv from data
(dark matter searches, susy...)

selection criteria

- same Ztjets selection as 8 TeV measurement
- ytjets: >1y with pr>100GeV |Nn|<1.4,

> 1 jet (anti-kp AR=0.5), pp>30 GeV, |n|<2.4 * at LO and high pT, the ratio 1s
expected to reach a plateau
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100 200 300 400 500 600 700 800 4 P [GeV]
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Z /Y differential ratio

/Ldt: 20fb1 /5= 8 TeV
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7 /Y differential ratio

|5

/Ldt: 20 fb! \/gz S8 TeV
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YYtjets differential / Lit= 5fb' /5= 7 TeV
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unfolding

- data unfolded using
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theoretical predictions 3z 1 3 2 =
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I
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Summary and perspectives

The V+tjets production 1s an important and wide part of the SM physics program of CMS

* W+jets @ 7 TeV differential cross sections compared to LO and NLO predictions

o /Ztjets @ 8 TeV 1D and 2D differential cross sections compared to NLO predictions

o /+b, Z+bb @ 8 TeV differential cross sections compared to 4, 5 FS LO and to 5 FS NLO
* 7 /g ratio @ 8 TeV differential cross section compared with LO predictions (HT ranges)

* yy +jets @8 TeV differential cross sections compared to NLO predictions

e - — - —— __

' More V+jets analyses at 8 TeV Wlth ZO/fb almost ready
MLW+]et8 at 8 TeV W+bb at 8 TeV W/Z + c-]ets Z+J/1// ,:

The first 13 TeV W/Z+jets analyses will come very soon, so... stay tuned!!!
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