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Single boson production at LHC

. Electroweak Ratio
Strong production production (VBF)
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Total production cross section [pb]
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Typical VBF topology selection applied
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AYjj
VBF topology often exploited in analysis selection Since om « ov and EW/strong ratio
1. Large rapidity gap between jets Ay;; better for Higgs, Higgs analyses

typically use much less stringent

2. Large dijet invariant mass mij; R T

3. Little hadronic activity in rapidity gap of two leading jets -
W/Z: pv” 2 60GeV, m;; = 1000 GeV

Y Y

4. Low pr (or lack) of third jet / low pt of “boson+jj" system
5. Boost (rapidity) of boson and dijet system similar H:  pr' 2 30GeV,m ; = 400 GeV

6. pr of boson and dijet system similar + back-to-back in ¢




Results covered 1n this talk

ATLAS >
EXPERIMENT &
H—4¢ ATLAS-CONF-2019-025, 139 fb* New HIG-19-001,137fb* New
H—yy ATLAS-CONF-2018-028, 79.8 fb1 HIG-18-029, 77.4 b1 New
H—evuv HIGG-2016-07, 36.1 fb1 HIG-16-042, 35.9 b~
H—1t HIGG-2017-07, 36.1 b1 HIG-18-032, 77.4 fb* New
H combined ATLAS-CONF-2019-005, 80 fbt New HIG-17-031, 35.9 fb1
STDM-2016-09, 3.2 tb* @ 13 TeV o )
Z—>4Y (STDM-2013-02, 20 fbt @ 8 TeV) SMP-16-018, 35.9 fb-* @ 13 TeV
W—?Pv STDM-2014-11, 25 fb* @ 7-8 TeV SMP-13-012,19.3 fb1 @ 8 TeV

“New” means that it was not shown at MBI2018
(i.e. released in the last 12 months)
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I. Higgs boson results



ATILAS-CONF-2019-025

@ATLAS H—4f (1/2)

EXPERIMENT

« Results based on full Run-2 dataset: 139 fb-1
+75% data wrt previous result

«  Measure VBF (and ggF) separately for pt,z < 200 GeV and
pr.H > 200 GeV (sensitive to BSM models)

- STXS stage 1.1 observable defined at (truth) particle level
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- Event first split into 7 analysis categories

« Then split finer into 22 subcategories based on several 20
matrix element discriminators
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ATLAS

EXPERIMENT

ATLAS-CONF-2018-028
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Based on 2015-2017 dataset (full Run-2 analysis in progress)

Measure 9 STXS stage 1 categories and signal strengths

Four VBF optimized analysis categorles up to 75% VBF purity
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CMS

HIG-18-029
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- Based on 2016+2017 dataset, 77.4 fb!

- Dataset spilt into 24 analysis categories
« Six of them dedicated to VBF using BDT's

- The fitted VBF signal strength is extracted as
part of a seven parameter fit to be:
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11


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-029/index.html

CMS
Physics Letters B

-/ | VBF in H% W%W% evuv Volume 791, 10 April 2019, Pages 96-129

dN/dm, [GeV)

'---.

Data/Expected

A
CMS simulation 35.9fb" (13 TeV)
Based on 2016 13 TeV dataset (35.9 tb1) s
-
o . . 0-jet SF ggH-tagged .3 events
Signal strength measured in event categories ] e ——
1-jet DF ggH-tagged 313.3 events = :IIV?-::
: : —
VBF-tagged selection (reco. level) in evuv events e sr ootasoes |IEPETTES mzH
30 GeV _ 2-jet DF ggH-tagged 103.3 events .QbH
jets — 27 AU > 3.9 s \ tH
. . . N 2-jet DF VBF-tagged 31.2 events ',
31.2 expected events with high VBF purity =55 o,

3-lepton WH-tagged 5.6 events

Measured me, spectrum for such events with

4-lepton ZH-tagged 2.7 events
P Y P T P P P P T

m;; € (400,700) GeV m;; > 700 GeV 0 0.10.203 040506070809 f

Signal fraction

CMS 35.9fb" (13 TeV) cMS 35.9fb" (13 TeV)
T N
25 — cs“vp'omp' % SZY - g - — csvmton‘pl % ‘IZ:ZY
N gv‘! vy = " vy vy ]
C Higgs —+— Data 7] .g 2_ | Higgs —4— Data ]
21— [ Systematic uncertainty o ~ L[] Systematic uncertainty
P -IE ------- .‘ 4 % ¥ :
15 _+_ 1 = ’
- | ?- ]
Sl . :
b H— : : Slight deficit in
05— - ” . .
= EEE N i : ~. Higgs my region for
WET ‘ - R R T - VBF-tagged events
12 F I - 12 F -
08 E_ —E ?m; 08 F B S - /.1/ o _O 41
06 E = a 06 Ft— . Se 3 .

150 50 100 1;50
m, [GeV] m, [GeV] 12



https://www.sciencedirect.com/science/article/pii/S0370269319301169?via=ihub

CMS

— VBF in H=W*W—evuv

Physics Letters B
Volume 791, 10 April 2019, Pages 96-129

- STXS stage o CMS 35.9 fo' (13 TeV) 35.91b" (13 TeV)
« Based on 2016 13 Te - WW
. Ggglll Ogy = 1.24 +(:)zz(:" et =._l_l..§ 25 PP S
- Signal strength meas " SM prediction o
. Sl el el M WH
« VBF-tagged selectior | o, /o, =024 07 Cvur=02as P ' o <25 W ZH
30Ge T TTTTTTEoTTToTotToteotr I S bbH
jets ttH
s = 50 1 b
- 31.2 expected events Oyt kg Tyt = 1:80 120 e Rt
«  Measured mey spectr I Y
Ozt iep! Osm = 0.71 +0l7(‘|“I S5
mj; € (400,700) Ge\ 506070809 1
CcMmS 359f7" (13T 1.4 Signal fraction
c - S Gy pag/Oony = 12,88 *42 Ovitnaa =37 13 P
é_g. 2'5:— [:1333”""' %3; al L wad
E F Cow —+ D i 1
I Py Global fit 10 1 19
CisE \ gol and VH above SM — push VBF down SM
n 1
| — I
v . | § I . o) o
N 1'4_ . = [ Slight deficit in
I 05 — . ) ] . .
= RE i N S R 1~ Higgs myregion for
§ 14 : A ! ‘ l —- § 14 F — — l ——— VBF'tagged eVentS
2K } 3 i T + i . +0.44
iup I T e i p=0.721q"4
. 150 - 50 100 150
m, [GeV] m, [GeV] 12


https://www.sciencedirect.com/science/article/pii/S0370269319301169?via=ihub

Physics Letters B

?AT LAS VB F in H% W% W% eV‘LlV Volume 789, 10 February 2019, Pages 508-529

EXPERIMENT

« Based on 2015+2016 13 TeV dataset (36.1 tb-1)

- VBF measurement based on events with:
Niets =2, no pr>20 GeV jet and none of the leptons in jj-rapidity gap

- These events further split based on 4-BDT bins to enhance VBF. Variables used:
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EXPERIMENT
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Sirunyan, A.M., Tumasyan, A., Adam, W. et al.

https://doi.org/10.1140/epjc/s10052-019-6909-y

C 79 (2019) 421.

Combined Higgs results
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II. EW Zjj VBF results

STDM-2016-09, 3.2 fb-!

SMP-16-018, 35.9 fb-t

18


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-09/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-16-018/index.html

Physics Letters B

Volume 775, 10 December 2017, Pages 206-228

CMS Collaboration
28 December 2017

EleCtrOweak ZJj production Eur. Phys. J. C 78 (2018).589

First studies at 7 TeV by CMS, observation by
ATLAS at 8 TeV, confirmed by CMS

Remeasured by both experiments at 13 TeV

Measurements
« ATLAS: fiducial cross sections

-  CMS: signal strength and inclusive cross
sections (BDT based)

Different phase-space targeted by ATLAS and
CMS: comparison of results not straight forward

K Dominant background:
Strong Zjj production
(standard Z production + 2 jets)

* Referred to as QCD-Zjj or
just “QCD” on ATLAS plots

* Drell-Yan by CMS

\—

(a) QCD-Zjj. /
19



https://www.sciencedirect.com/science/article/pii/S0370269317308523
https://link.springer.com/article/10.1140/epjc/s10052-018-6049-9#citeas

SATLAS

EXPERIMENT

VBF Z result (1/2)

« Results based on first 13 TeV data (2015) 3.2 tb-1

- Six fiducial regions defined to measure inclusive 1
Zjj (strong and EW combined)

- EW Zjj signal extracted from template fit vs m;; in
EW enhanced region

- Main issue: Modelling of strong Zjj contribution

o

Summary of the particle-level selection criteria defining the six fiducial regions (see text for details).

. - | ! ! =
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Dilepton pair 81 <my; < 101 GeV rticular Sh
Jets lyl <4.4
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Events / 60 GeV

CMS Collaboration

28 December 2017
Vz \'\ VBF Z result (1 / 2) Eur. Phys. J. C 78 (2018) 589

« Results based on 2016 13 TeV data 35.9 tb-1

- Important difference wrt to ATLAS: strong Zjj modelled by aMC@NLO accurate to
NLO for the first three jets using the FxFx merging prescription

- Different strategy: very loose preselection (similar to Higgs analysis) followed by BDT
analysis using 5 input variables: 35.9 fb™' (13 TeV)
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. . . o | L I | I | L l | I L .l I l |
mijj, Anj;, pTij, j1 and j2 quark-gluon tagging S [ cms Dimuon
score, pr,zii / Hrt zj; ~ 10 4 Data

c 5 v
5 LI B I B LI B I L B |3?|gfb| (|1:|3Telvg g 10 -Topquatk
. - CMS Dimuon 7 L Z +jets
E E EW Zjj
10° £ + o g 104 !szﬁ
10° F Bl Top quark 5] MC stat. unc.
.Z + jets E 1 O 3
4 EW Zj
10 F —EWZ E
MC stat. unc.
10 10°
10° 10
10 ;
1: - ]
1
Q4FTTTIT /,d, IR BT 7 ®) 0.5:.. lul L: ;calelupl/do'w;t L L L T -
0.2p HMeltpseaetP own i o <3 \.\\‘Q\\\\‘& 3 2 Lo e e A R e SN
0 ‘e = e ._' “\\\“I\\\?:;mk?-‘\i“\ \w\\§\‘ .\\\A ~ 0 poset - %
:82 : lJElStlJp’d wr: 1 1 l L1 1l lI :l l l 1 l+' l I 1 l m E“”:JES up/d wn -‘;\
) O l500 l 1000 1506 21000 . 2500 = 3000 ‘E '0.5 A T T | L1 1 1 I L1 1 1 I L1 1 1 I | I I l 1 s |
(m) 0 0.5 1 1.5 2 2.5 3

BDT'


https://link.springer.com/article/10.1140/epjc/s10052-018-6049-9#citeas

CM S : CMS Collaboration

28 December 2017

VZ VB F Z reSU.lt (2 / 2) Eur. Phys. J. C 78 (2018) 589

*  Measured EW Zjj cross section found consistent with SM pu=097+0.04(stat) £ 0.1 (syst)
= 0.97 4 0.12 (total),

« Several systematics significant @ 3-6%
Uncertainties on strong Z+jets (u:/us, parton-shower, interference with EW Zjj)
JES/JER, pileup, MC statistics

* pTZ SpeCtrum alSO StUdied for aTGC o L L l | L] I LI l | L I l35l.9l flb-; (;13l -Il-el\/)
providing 1D constraints on cwww, cw. = CMS Dimuon
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cw/A> [—8.4,10.1] 10
 Also study hadronic jet kinematics in .
EW Zjj enhanced region 10 3
- Jet vetoes, pTj3, Hr of tracks 1 :
. . . . ' 05 :_..l. LI L | I L B | l o I L B | l I N | 8
« Indication MC overestimate such jet, € b u, scdle upidown | =
) . . E b st m—" ) S
in particular when Pythia used for PS S ol JEswn | i ldii _;
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ITI. VBF W results

ATLAS

CMS

STDM-2014-11, 25 fbt @ 7-8 TeV

SMP-13-012, 19.3 fb-1 @ 8 TeV
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-13-012/index.html

SATLAS

EXPERIMENT

EW Wjj result

Eur. Phys. J. C 77 (2017) 474

13 March 2017

2011+2012 dataset (7+8 TeV)

Measurement in several fiducial region,
separately EW and strong Wjj
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ATLAS

EXPERIMENT

EW Wjj result

13 March 2017

Eur. Phys. J. C 77 (2017) 474
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CMS Collaboration

. 23 July 2016
A ,j;, JHEP 11 (2016) 147
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CMS measurement uncertainties

Source of uncertainty Electrons | Muons
Integrated luminosity 2.6%

Jet energy scale 5.4% 7.3%
Jet energy resolution 2.2% 3.7%
QCD W+jets shape and normalization 13.0% 16.7%
Top quark background shape and normalization 5.5% 6.0%
Interference effect (144% | 13.8% )
Jets faking electrons fraction (electron channel) 4.4% —
Lepton trigger efficiency 0.9% 1.0%
Lepton selection efficiency 1.8% 2.0%
Pileup <1% <1%
Fiducial acceptance 1.7% 1.7%
Total (without integrated luminosity) 21.6% 24.1%

Large interference uncertainty
at CMS not seen in ATLAS.

JES/JER and QCD W+jets modeling

uncertainties dominate.

ATLAS measurement uncertainties

Source Uncertainty in ugw
7 TeV 8 TeV
Statistical
Signal region 0.094 0.028
Control region 0.127 0.044
Experimental
Jet energy scale (7 intercalibration) 0.124 0.053
Jet energy scale and resolution (other) 0.096 0.059
Luminosity 0.018 0.019
Lepton and ET'S reconstruction 0.021 0.012
Multijet background 0.064 0.019
Theoretical
MC statistics (signal region) 0.027 0.026
MC statistics (control region) 0.029 0.019
EW W jj (scale and parton shower) 0.012 0.031
QCD Wjj (scale and parton shower) 0.043 0.018
Interference (EW and QCD W) (0.037 0.032)
Parton distribution functions 0.053 0.052
Other background cross sections 0.002 0.002
EW W jj cross section 0.076 0.061
Total 0.26 0.14
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Conclusion and outlook

Higgs VBF
« Agreement with SM prediction
- Statistical uncertainty still dominating

- But expected to be very close to systematics for full Run2 combined results!

- Differential measurements of inclusive Higgs boson production
(geF+VBF+VH+ttH...) are being made but still have sizeable uncertainties in

regions relevant to VBF
Z and WVBF
« Systematics dominated
« Background modelling often main systematics
« New ideas to reduce systematics and/or use of new MC could help significantly
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EFT limits
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35.9 fb' (13 TeV)
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Boosted 4 ~48-83% ggH, 43% H — WW in eu

3 A ° ° °
— CMS Higgs combination
Decay tags Production tags Numbel.' of Expected signal fractions Mass resolution
categories
H — 77, Section 3.1
Untagged 4 74-91% ggH
VBF 3 51-80% VBF
VH hadronic 1 25% WH, 15% ZH
Ty WH leptonic 2 64-83% WH ~1-2%
ZH leptonic 1 98% ZH
VH piiss 1 59% VH
ttH 2 80-89% ttH, ~8% tH
H — ZZ*) — 4¢, Section 3.2
Untagged 3 ~95% ggH
VBF 1, 2-jet 6 ~11-47% VBF
VH hadronic 3 ~13% WH, ~10% ZH 1 o
A, 2021/ 2p2e, de VH leptonic 3 ~46% WH ~1=2%
VH piiss 3 ~56% ZH
ttH 3 ~71% ttH
H — WW®) — fvlv, Section|3.3
e/ e ggH 0, 1, 2-jet 17 ~55-92% ggH, up to ~15% H — 11
VBF 2-jet 2 ~47% VBF, up to ~25% H — 17
ee+ju ggH 0, 1-jet 6 ~84-94% ggH ~20%
ep+jj VH 2-jet 1 22% VH,21% H — 17
3¢ WH leptonic 2 ~80% WH,up to19% H — 11
4/ ZH leptonic 2 85-90% ZH, up to 14% H — 11
H — 11, Section 3.4
0-jet + ~70-98% ggH, 29% H — WW in ey
e, eTh, Th, ThTh VBF 4 ~35-60% VBF, 42% H — WW in ey ~10-20%



H->41 ATLAS event and STXS categories

Stage 0 Particle level Reduced Reconstructed event categories
g production bins Stage 1.1 Signal Region
H 41
P <10 GeV Oj-p-i-Low 3 p;'<10 GeV
= O-jet T N,=0
> j-p,*- ium
p." <60 GeV p,* <60 GeV
T
J-p;*- ium “
= — 120 < p,*' < 200 GeV _
> f' o - -
p," <200 GeV ] m, <120 GeV or p;" < 200 GeV
> VBF-p,"-Low 2j N, =22
VBF H > 200 GeV : : m > 120 GeV, p,* > 200 GeV
a VBF-p,"-High 2j-BSM-like '

Hadronic V decay

;e -
Leptonic V decay X _ 0j-p,*-High
- N_=5
VH-Lep-enriched =
ttH Leptonic
ttH-Lep-enriched
ttH-Had-enriched >

ATLAS Preliminary

13 TeV, 139 fb™

m, = [115, 130] GeV [

Reconstructed event categories
Side-Band Region

. N_=0

: SB - 0j - =

. N_ =1

. SB-1j ~

. N__ =2

. SB-2j —
Mepzs

SB - VH-Lep-enriched

m, = [105, 115] U [130, 160] GeV

tXX-like
SB - tXX-enriched ——————

m, =[105, 115) U [130, 350] GeV [—
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TiepTiep VBF Tiep Tiep DOOSTEd
Z—IICR Z—II CR

ATLAS ATLAS H—11

Ys=13TeV, 36.1fb™

T Ho rr B Top SRs and CRs
B Z — 77 B Other backgrounds

L1 Z—ll [ Misidentified 7

&
&

TiepTiep VBF Tiep Tiep DOOSTEd
top CR top CR

TiepThaa VBF Tiep Thag POOStEd
top CR top CR

TradThag VBF
high-p* SR

TopTiep VBF TiepTiep POOStEd TiopThaa VBF Tiep Trag POOStEd ThadThas ¥ BF Thad Thag POOSTE
tight SR high-p:* SR tight SR high-p’* SR tight SR high-p’* SR
TiopTiep VBF TiepTiep DOOStEd TiopThag VBF T1op Thag POOStEd ThadThag VBF ThaqThag ROOStEd

loose SR low-p’™ SR loose SR ow-p’* SR loose SR low-p’* SR

T

Tlep lep TlepThad Thad Thad



ATLAS public results
https://twiki.cern.ch /twiki/bin/view/AtlasPublic

ATLAS conference talk page:
https://glance.cern.ch/atlas/speakers/publicglance/talksbyconference



https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://glance.cern.ch/atlas/speakers/publicglance/talksbyconference

[pb/GeV]
S E B

TH

do/dp

© o O
A OO 00 .

—_ o

Data/Theory

o9
o

ATLAS Prelminary 4 combneddata
s=13TeV, 139 fo" A H
=YY
[ H-ZZ'-4l
------ NNLOPS K = 1.1, + XH

II|III|IIIIIII|III|III|III|III|III|II

:
%

IIIIIIIIIIIIIIIIllIlllIIIIIIIIIIIIIIIIIIIIIIII

% ------ **{ ------ ----- -------------- **{ ------ ------- ------ 4

lll|lllllllllllllllll*llllllllllllllllllllllllll'l_
20 30 45 60 80 120 200 350 1000

Py, [GeV]

Illllllllllllllr

o
—



Z2+di-jets
via Vector Boson Fusion

_ EW-Zji:
QCD-Zjj: z. " " Rare production process at the
Abundant production et " LHC, Standard candle for other
process at the LHC | q ¢ VBF processes (Higgs, BSM)

First studies at 7 TeV by CMS, Observation by ATLAS at 8 TeV, confirmed by CMS
Re-measured by both experiments at 13 TeV (ATLAS with 3.2 fb?, CMS with 35.9 fb!)

No straightforward comparison between ATLAS and CMS because of different kinematics
Main background is from QCD-Zjj production (about 10x larger than VBF production)

q q High energy jets,
separated by large EW-Zjj are
W+ , e, 1 intervalcir.1 rapidity wit.h characterised by:
low additional hadronic . large An.
W e+ ,+  activity because the t- . large m.j.j,’
channel exchange of the . large p”
T

vector boson implies no
color reconnection

07/06/18 V. Cairo
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ATLAS

EXPERIMENT

6 fid. regions, including QCD and EW enriched regions. Fits to
templates in the EW region to measure fiducial cross-section.

> T
8 10° ATLAS ¢ Data
P {s=13TeVv,3.2fb" M EW-Zj (PowHEc)
£ 107 | Zjj QCD-enriched region MMM QCD-Zj (SHERPA 2.2)
g) I Diboson
w 10 0 Top quark
- Data Stat. ® Syst,
1h

10!

1072

10°
3 3 #ALPGEN -+ MG5_aMC
8 2 - SHERPA 2.2
o 1
- 0

0 1000

ATLAS
= (s=13Tev,32M0"
Zjj EW-enriched region

Events / GeV
3 3

MC / Data

-—

2000 3000

L

¢ Data
B EW-Zj (PowHEG)
B QCD-Zjj (SHERPA 2.2)
I Diboson
I Top quark
Data Stat. ® Syst

4000

4000
Dijet invariant mass [GeV]

10

Events / GeV

107"
1072

107

07/06/18

1000

ATLAS
(s=13TeV, 32"
Zjj EW-enriched region
¢ Data
I EW-Zjj (POWHEG)
B QCD-Zjj (ALPGEN)

Corrected

2000 3000

Dijet invariant mass [GeV]

Data-driven correction
factors to QCD Zjj
templates before fitting
QCD+EW Zjj in EW-
enrlched reglon

1.8 p—r—r— —
S ceiess ALPGEN (QCD-Zu) ' '
T 1.6 =+ MG5_aMC (QCD-Zjj) .
& = SHERPA 2.2 (QCD-Zjj) ]
g 14 m Scale and PDF unc. -
g ]
g 12 -
G ]
© 1 =
gt 3
06 B2 I -
04 o T .
02 Ny -
fs=13Tev, 32" N T, 3
[y F—— | I N P PR R L
1000 2000 3000 4000
Dijet invariant mass [GeV]
EW-enriched region post-fit
(QCD-Zjj reweighted and bkg
substracted)
ATLAS 5 =13 TeV, 32fb'
@ 1.5 FQCO (AlPGEN) H
8 +EW (PONHEG) %%
-~ 1 _....._._M ................... B . =
(&) ‘+‘ +
= o5k 1 Y
15 —otumcsl anicy =
8 +EW (Powmc)—+_
by 1 | ssasmanm g AT 7y, 747 =
S N % i 2%
= o5k . 7 4
@ 15Faco Sefen2?) T 1 A
© +EW ( EG)
e 1 M++ LN ... —e=
5 +F
= 05k 1 L — 1 .1_
1000 2000

Dijet invariant mass [GeV]4@0 Ca Iro

Physics Letters B 775 (2017) 206228 v.g Z i j
+di-jets

CERN-EP-2017-328,
Submitted to Eur.Phys.J.C

CMS

[Py S—

MVA with 7 discriminating variables (most important

ones: my and An”) to achieve EW and

fraction of events

Zjj

——d

separatlon.
o 359fb (13TeV)
= Dielectron Signal strength
= from fit of the BDT
5 output distributions
> . op o
w - simultaneous fit in
low (QCD) and high
(EW) BDT regions
(EJ '0“ - ' L O BDT = nh—l BDT 1)/2
R T - 8 = tanh™((BDT +1)/2)
o 0 05 1 1.5 2 25 3
BDT'
Presence of a signal 35.9 b (13 TeV)
is established > & [Diepton  B0T>002 | Cms -
o c - e
properties of the S ’ !
hadronic activity £ 1
i . O 08 -
can be studied (inago | 1
. . () N J
region W'th. | z_ 0.6 background-only -
BDT>0'92' clehal - 8§ L predictions disfavored -
enriched). 0.4 by data ]
Gap veto efficiency: [ + ]

with a measured
gap activity below a
given threshold

02 DY (MG5_aMC NLO + Pythia8)
¢ I DY + EWK Zj (MG5_aMC LO + Pythia8)

/ B DY + EWK Zj (MG5_aMC LO + Herwig)
’|||||||||||||||||||||||||||||
0 50 100 150 200 250

Soft H; (GeV)
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159 Z Boson + jets @ 13 TeV M

ATLAS

EXPERIMENT

Eur. Phys. J. C (2017) 77:361 CERN—E‘PE—2018‘—O71

 Cross sections unfolded at particle level for jet multiplicities up to 7 (ATLAS) and 6 (CMS) and
differentially vs the transverse momentum of the Z boson and several jet kinematic variables.

19 1o (13 Tev) | 737 Measurement

 Dominant systematic uncertainty from jet energy scale - 2 |
%’ = CMS —6— MG5_aMC + PY8 (< 2j NLO + PS)
5 Q 10 —H— MG5_aMC + PY8 (< 4j LO + PS)
5‘ 106 T T T T T T T T ;‘ 10 E LA L B B B L B B LA L L L B B |§ -‘é @ —%— GE +PY8 (NNLL' +NNLO,)
& ATLAS ZIy*(— I'T) + jets 8 = ATLAS ZIy (= IT)+=1jet 3 —_ i B N, NNLO (1] NNLO)
"2 10°E 13 TeV, 3.16 fb™" 2% Data Q 10 . _e’ Data - =
2 ’ o) . E 1E
Zz .F_antik, jets, R=0.4 —B- BLACKHAT + SHERPA o Em Tev, 3.16 fb B Z+2>1jet Njeni NNLO = !‘3— S ==
F 10 et jet a4~ SHERPA 2.2 % USE IR ~®- BLACKHAT + SHERPA = IS - ——
. pe >30GeV,ly [<25 = SR SN —A— SHERPA 2.2 3 B
N s T ALPGEN + PY6 Q S : 3 ) ——
S 10 ~¥ MG5_aMC +Py8 CKKWL g 107 ALPGEN +PY6 = 107E
© - Y $ . < W —» MG5_aMC+PY8 CKKWL 3 = ——
102 — F& MG5_aMC+PY8 FxFx . N = -
102 & \2/ == —o— MG5_aMC +PY8 FxFx - B ) )
— = * Sts, \, W= E Anti-kr (R =0.4) jets ——
10 C > b 70~y —W= 3 102 P! >30Gev, Iyl <24
" 10° 74 —&= == E 2y > 00, Nigg > 1
1 —n—e "***33/% = _ =k e,
=g 10 wy UXipp —— g 14
-1 Y —— 3 Sle 1.2
10 = = AR : EE.
2 A 10° = o1& 08
10 | | | | | | | 3 ee -
© =L I T T T T T — . 0.6 Stat [l © theo []® PDF @ o, unc.
s "2E Z % 2 10° E o5 14
= 1E #%é% = Slg 1.2
e} = 74% - g~
® 08E Z / /% 107 - § % 1
s 1 : ggoss " o o o
) = I = = Stat unc.
© 1.2 . j s 15 0.6
% 1 B e e 7/ 2o } / = a et— e S p— —— -, O |5 14
S 08E 7,/ S P = B 4 482
o E | | | | | | - o - = ER
'9 E I I I I I I I , I — o 1, :— D:__ 8 0.8
S 1-? = , ~ / g ! = =06 Stat [ @ theo unc.
S Fre ’%?5%5%/% : o) = =14
% o0sfE L5557 % S E o5 4
o E 1 | | | | o 3 9] = E g5
>0 >1 > >3 >4 > > >7 L = N E N E N S B I — 8z
100 200 300 400 500 600 700 afo Y-
N. _ = 0.6 -Stat _@theo unc. . . . .
jets pJ:t (leading jet) [GeV] 50 100 150 200 250 300 350 400

p,(j) [GeV]
e Sherpa 2.2, Alpgen+Py6, MG5 aMC+Py8 FxFx do not describe data precisely for high jet multiplicity (large
fraction of jets produced by PS), but MG5_aMC+Py8 FxFx does a good job for p/et
» Distributions dominated by a single jet multiplicity are modelled well by fixed-order NLO (BlackHat
+Sherpa ) or NNLO (Njetti) calculations

* Too-hard jet spectrum by MG5_aMC+Py8 CKKWL (LO matrix elements)
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ATLAS

EXPERIMENT

VBF Z+di-jets

Fiducial region

EW-Zjj cross-sections [fb]

CERN-EP-2017-328,
Submitted to Eur.Phys.J.C

CMS

Signal strength and cross-section for
combined electron and muon channel
compatible with SM:

i =1.02 £ 0.03 (stat) &= 0.10 (syst) = 1.02 &= 0.11 (total),

o (EW £4jj) = 552 + 19 (stat) 4= 55 (syst) fb = 552 + 58 (total) fb,

SM prediction oo (EW #/4jj) = 543 £+ 24 fb

Measured POWHEG+PYTHIA
EW-enriched, mjj > 250 GeV 119 + 16 + 20 + 2 125.2+34
EW-enriched, mjj > 1 TeV 34.2 + 58 + 55 + 0.7 385+1.5
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Fiducial region V. Cairo

Cross-sections cannot be directly
compared between ATLAS and
CMS because of the different
phase spaces, but a very different
size of the the systematic
uncertainty can be noticed:
almost a factor of 2 smaller in
CMS, driven by different
treatment of the QCD background
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