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Electroweak production of W+2jets

EPJC 80 (2020) 43

2016 data, Iv+jj electron and
muon channel

ij > 120 GeV

Negative interference between

\Zﬁﬁz‘lti/
the VBF and other diagrams d /W*i

Multivariate analysis to w
enhance signal over main u d u u d
W-+jets background

Vector-boson fusion bremsstrahlung multi-peripheral
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Z/y+jets at 13 TeV
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° +jets selection:
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e 2016 dataset, Z — pp + jets

e Hard threshold on lead jet to
enhance collinear Z emission

S

q

At NLO, contribution from events
where Z is emitted collinear with jet
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e 2016 data, electron and muon channel

e Interesting process to study the charm
contribution in the proton

e Z+b/Z+c component extracted from a fit to
the secondary vertex mass in Z+HF events

e /+c and Z+b templates validated with data -

samples

e Measure ratios, many systematics cancel

g

Data
Post-fit yields

/+b, Z+c production at 13 TeV

CMS
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Z+b, Z+c production at 13 TeV - jet p.
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e Identify charm through semileptonic (SL) and hadronic CMS-PAS-SMP-18-013
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W+c at 8 TeV -

inclusive cross-section

e Cross sections compared to NLO MCFM-+different PDFs

e Uncertainties: 7% for the SL channel,

W +c
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W+c at 8 TeV - differential cross-section

London
e Main systematics: c-hadron production e Theoretical predictions undershoots data
and decay in MC and charm ID efficiency at low p;
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September 2019 CMS Preliminary
IR : @ 7 TeV CMS measurement (L <5.0 fb™)

@ 8 TeV CMS measurement (L <19.6 fb™)

@ 13 TeV CMS measurement (L <137 fb™)

- Theory prediction

..

e V+jets measurements
provide crucial test for
the Standard Model

e Pushing precision
measurements
frontiers
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e Many analysis in the
pipeline for publication
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London Summary

September 2019 CMS Preliminary

@i 7 TeV CMS measurement (L <5.0 fb™)
@ 8 TeV CMS measurement (L <19.6 fb™)
@ 13 TeV CMS measurement (L <137 fb™)
- Theory prediction
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e Many analysis in the
pipeline for publication
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‘Compact Muon Solenoid

imperial College W+ijets at 13 TeV

e Event selection: e AR studies:
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imperial College Z+jets at 13 TeV

e Event selection:
o 2 opposite charged leptons, p.>20 GeV and |y| < 2.4
o 71Gev<m, <111 GeV

‘Compact Muon Solenoid

. L %% Measurement
@) 21 jetS, p > 30 GeV and |y| < 24 - 219 b (13 TeV) 755 Measurement = 219" (13 TeV) g
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‘Compact Muon Solenoid

Imperial College

Y+jets at 13 TeV

London

Bl
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e Sensitive to gluon density



Imperial College  Fo troweak production of W+2jets- ATGC

London Y
e Dim 6 operators in EFT framework e Template in p,(f) where signal is
included with different hypothesis of
CWWW dim-6 operators
OWWW = —W VWV’OWM, Ccms 35.9 b (13 TeV)
A2 a P ‘% - Data Bw
cw v i B Mo
OW = A2 (DM¢)TWMV(D ¢)’ | [ =** ATGC c,,,=7.5
CB ) . QCD multijef = ATGC c:=87.5
Op = —(D* ®)" By (D" P), —
~ CWWW ~ .1
OWWW — T W;w WP W,’? ) ] 1005 L,
’C‘.“W 5 I —— SN
OW_Az(D db) WMU(D¢)9 %_0_5...|...|...|...|..1..
S 0 200 400 600 800 1000 1200

p,(1) [GeV]
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Electroweak production of W+2jets- ATGC

e Combine fit performed including EWK Zjj analysis

CMS L =359 fb', (s=13 TeV
Coupling constant Expected Observed IE
95% CL inter- 95% CL inter- <20
val (TeV~2) val (TeV—2) = sinskin,
A e Ul
sl [—2.3,2.4] [—1.8,2.0] & [ 2ol T )
cw /A2 [—11, 14] [—5.8,10.0] 0 f\ ' : ) :-
cp /A [—61, 61] [—43, 45] : NN
i e i W
. . . g _20 0,
e This analysis is most sensitive to ¢, Ml i et by
| --:- Expected 99% CL
—— Observed 95% CL

4 2 0 2 4
G A [TEV]
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Electroweak production of W+2jets

muon channel

)

35.9 b (13 TeV
T T

electron channel

cMs 359 b (13 TeV)
T T T T

E - i ' ¢ Dlata ) Iquuark E i ' ¢ Dlaia ) 'thuark

Significant suppression of hadronic 8 e Wws o & e
L . 8 BDT>095 @d  [nerownce] 8 BDT>095 @HE  [werironce
aCtIVIty in EWK WJ J is eXpeC’[ed E PYTHIA8 PS [l QCD multijet £ MC stat. unc. 5 PYTHIA8 PS [l QCD multijet [ZIMC stat. unc,

Studies performed in signal enriched
region

“Soft Activity”: jets from tracks associated ~ Eg— £y _

with PV, found in the rapidity gap R T e R e e e R
H.(SA) [GeV] H(SA) [GeV]

Such jets in simulation comes only from . e AR 35917 (13 TeY)

PS, important tool for testing PS & Wowr  Eewwee @ L

mode”ing % :Z H::szgfis =aQCDmulliiet§:::::::‘:;é é H:RDVTVIZ;‘ifis [ QCD multijet EIMC stat. unc,

Comparison between PYTHIA 8 and
HERWIG++

Giacomo Zecchinelli - V+jets at CMS

s 5 st = L
o = 03009

data / pred

1 4 ‘ o 09

data / pred

0 20 40 60 80 100 120 140 160 180 200
H.(SA) [GeV]

3 P B 3
0O 20 40 60 80 100 120 140 160 180 200

H-(SA) [GeV]




Imperial College M

London

Z/y+jets at 13 TeV

Purity extracted from
template fit to the shower
shape variable O

2 F ; z
§ 106;_ i —— Signal _; §_ E + Fathy —Fit E
Signal template from y+jets © ¢ { —— Background = e R I G .
MC events, corrected with 10°E T SlReEackR. 3 f :
data - ; & 0.99f -
10 E E
Background template from £ E 0.98 =
sideband in data, inverting 10°E ] E i .
photon isolation requirements [ : ; S E
102 : E C :
Data fitted in different p_bins £ : 0.6~ -
10 : ]
Beeston-Barlow method to } ] 0.95F -
take Into account flnlte 0.0 ‘ I0.|2l I I0.I4I l0.6 l I0?8l i I1?0J I I1.12I I l1.|4I I 1?6I ‘ I‘1?8I I I2.(;(10 200 I I4(|)0‘ I I6(|)01 I Is(l)ol I ‘iol()(l) I 112'06 I 114]06 I ’iGIO(I) -

template statistic

Alternative templates for
systematic effects

CMS Preliminary

359" (13 TeV)

|lII|III|III| Ii\ll]lllll
i ¢ Data

Om

CMS Preliminary
AL B T

35.9fb" (13 TeV)
okl ek

p! [GeV]
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e Event selection:

. CMS
/+b, Z+c production at 13 TeV

e Data driven template validation:

o 2 leptons p> 25 GeV, |n| < 2.4
o 71 GeV<m, <111 GeV
o p;™*< 40 GeV (reducing tt)
o =1jets p.> 40 GeV, |n| < 2.4
o =1 HF tagged jets
e HF tagger working point:
o 10 % c-jets
o 60 % b-jets
o 1 % light jets

cMms 35.9 fb! (13 TeV) CcMS 35.9 fb™ (13 TeV)
(72} R TR IR B R L IR O (2] rTrrTrr T T T T T T T T T
s cietM, 1 5 bjet M,
3 0.15- s 4 @ 041 3 N
E I * ? + _+_ (Semileptonic tf) | E 4“" -+-Data (et
S 7 4 | & MCZ+cjets o2 . ‘% & MC Z+b jets
o r % i o = &
S 0.1 + i 4 © : :
[ 0.05¢ - .
L L& "
oos- 1 % Tt "
8 o, |
'1|+*| 8.0.5.5:0 1|||‘.;""mnl
% 1 2 4 5 o 1 2 3 4 5
My, [GeV] My, [GeV]
e Inclusive cross section measurement:
Electron Muon Combined
R(c/j) 0.105 + 0.003 + 0.009 0.101 £ 0.002 % 0.009 0.102 4 0.002 + 0.009
R(b/j) 0.0639 £ 0.0006 + 0.0015 0.0629 + 0.0005 + 0.0014 0.0633 + 0.0004 £ 0.0015
R(c/b) 1.65 + 0.04 + 0.15 1.61 +£0.04 + 0.15 1.62 + 0.03 + 0.15

Giacomo Zecchinelli - V+jets at CMS



Imperial College
London

= 016

Z+b, Z+c production at 13 TeV - Zp_

359 b (13 TeV)
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e Madgraph at particle level, MCFM at parton level. °
e Madgraph NLO in general higher than data in c,b/j ratio.
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Experimental uncertainties smaller than
theoretical uncertainties.
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7CMSPlelrmmary 200", (s=8TeV CMSPrelrmary 20", {s=8TeV —\\ \
gznono;— ‘IfC stat. unc. i\?va:: MC stat. unc. i\?va::
2o N S,
e Semileptonic (SL) channel: i e mwn S
10000:— =ttbar v
C v single t
o semileptonic decay of a ¢ hadron to e
muon inside the jet - NPT E— 8 e _p
o charge of c-quark measured from muon P (GeV] -impact-parameter-significance
SL channel | W+c¢ | W4cc | WHudsg | W+b | DY tt | singletop | VV
W —oev | 826% | 02% 4.6% 04% | 05% | 84% | 23% | 1.0%
Wouv | 77.7% | 0.4% 3.2% 0.6% | 69% | 7.8% | 25% | 0.9%
- CMS Preliminary 205", {s=8TeV CMS Preliminary 200", (s=8TeV.
§50000 MC stat. unc. i ‘I')va:ca (E MC stat. unc. = aﬂggt
e Secondary vertex (SV) channel : Eaoes N I ooy
D rjos B ESZJ’“
o reconstructed displaced secondary =w S
vertex inside the jet
% “E, a . T Ty . o o ® o % ‘5-,' B e g W R S = O $ @%ﬁ
o c-quark charged determined summing e e I A S
. SV-flight-distance-significance vertex-mass[GeV]
over the jet tracks '

SV channel | W+c | W+Hcc | W+udsg | W+b | DY tt | singletop | VV
W —ev 73.8% | 0.5% 15.1% 0.7% | 1.9% | 3.8% 3.2% 1.0%
W — uv 745% | 0.7% 16.0% 0.5% | 0.6% | 3.2% 3.5% 1.0%
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