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General outlook

Standard Model Production Cross Section Measurements Status: July 2021
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Phase-space region
Requirement on E7. El > 125 GeV
. Isolation requirement EEFO < 4.2x1073 x E% + 4.8 GeV
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v+2jets

Two main production mechanisms (at LO)

- Phase space selection accounts for that

Using the 2016 dataset (36 fb™)
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Fair description for Ag¥-
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Difficulty in the description of high m, region
There are some interesting hints...
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Multiple probes
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From y+jets
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Important area for VBF and VBS studies
Also visible in W+jets
Prevalent in the fragmentation enriched sample in y+jets
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Triple differential y+jets

Eur. Phys. J. C79 (2019) 20

Main processes are quark-gluon Compton scattering and qq annihilation

Test of QCD and probe of gluon PDF
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/ differential cross section

JHEP 12 (2019) 061
JHEP 05 (2021) 205

Combined measurement in £'{" and neutrino channels

Charged channel
Single lepton triggers with p_> 24 GeV
Tighter offline selection (usually O(GeV))
Select opposite charge same-flavor leptons within

the tracking acceptance
Reject events with additional leptons with p_> 10 GeV
Main backgrounds are tt (leptonic), WW, tW

Neutral channel

Variable Selection To suppress background from
Electron veto pr > 10GeV, |n] < 2.5 Z — 0+ jets, W(bv) + jets
Muon veto pr > 10GeV, |n| < 24 7 — 0+ jets, W (£v) + jets

T veto pr > 18GeV, || < 2.3 Z — 0 + jets, W(bv) + jets
Photon veto pr > 15GeV, ] < 2.5 v + jets

b jet veto CSVv2 <0.8484, pp > 20GeV, |n| < 2.4 Top quark

PR >250 GeV QCD multijet, top quark, Z — €/ + jets
AP pE™=) >0.5 radians QCD multijet

Leading jet pr > 100GeV, |n| < 2.4 All




/ differential cross section

JHEP 12 (2019) 061

Use di-lepton + vv for high p_
Lower stat. above 300 GeV

and more precise p, .
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DY transverse momentum
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Eur. Phys. J. C 80 (2020) 616
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W boson prOdUCt|On PRD 102 (2020) 092012

Interest in rapidity, helicity, charge asymmetry, cross section
Test of QCD, PDF, V-A structure of EWK
Analysis in the leptonic channel with 2016 data
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W boson production
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V+heavy flavor
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Important for MC tuning s.d 2
Major background in many BSM searches >
Probe of heavy quark PDF g ' &
000000 ——>
Case study: Z+charm  JHEP 04 (2021) 109 CMS Simuiston 391" (13 TeV)
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- Reconstruct Z in leptonic final states & | Electron channel
- P, >30GeV, [n(jet)] <2.4 > °F e ;
- Measure using m_ and c-tagger Z 008 4y B jets ;
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/+charm

CMS Simulation 3597 (13 TeV)
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ee, p;jet 6.4 0.6 4.2 3.1 6.4 3.0 0.7 2.6 2.5 6.3
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| Signal extracted from m, template fits

| Differential cross section measured in p_ of c-jet or Z

O fid.meas = 405.4 £ 5.6(stat) & 24.3(exp) £ 3.7(theo) pb
Otheo = 524.9 + 11.7(theo) pb

Hint at charm content of proton overestimate?
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Status: July 2021 E [TeV]
— important probes in the foreseeable future

In general, predictions have reached an impressive agreement with data,

with a few areas where deeper understanding is needed .
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Great interest for many reasons:

- QCD testing, Higgs physics, BSM searches

Leptonic final state with p__ P 30/20 GeV CMS-SMP-19-009
Used for properties, (differential) cross section, angular correlations
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Multidifferential Z+jets cross section
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/+jets: multiplicity

CMS-SMP-21-003

7 0 36.3 0" (13 TeV) | 242 weasurement T
- CMS —@— MG5_aMC + PYS (< 2j NLO) MPI = 10
& 10’ Preliminary £
= ~@ MG5_aMC + PY8 (< 2j NLO) noMPI 4
o 2 =
_8 10 _8 10
10
o ‘ 1
1 =
1 anti-k; (R=0.4)jets
b P >30 GeV, Iy <24 i .
107 E=== ===
pi <10 GeV
| 1 | | |
gg 1-21 LB 2 |5 1»21
Sls 0.8 ’ g5
35 06 c|® 0.8
ola Y- 2|z 06
&g 04 SERY
= 02 Stat [l @ theo [ ] @ PDF @ o, unc. a2 02
g‘g) 1'21 ___________ / VIIIDe I 7 |5 12
5|g 08 T 25 o4
3|2 06 S ER)
£ 02 Stat [l @ theo unc. . . . D‘QE’ 02
=0 =1l =22 =3 =4

36.3fb" (13 TeV) % Measurement

CMS —@— MG5_aMC + PYS8 (< 2j NLO) MPI
Preliminary

LR

-8 MG5_aMC + PY8 (< 2j NLO) noMPI

*
—————

LI IIIIIII

————

.%..

| B B2 A

anti-k; (R=0.4) jets

Py >30GeV, Iy <24 e

p’ > 100 GeV 'ﬁg%"’
1 | | | | | — 4

LI lllllll

Stat [l @ theo [_|@ PDF @ «_ unc.

Stat | @ theo unc.

=) =1 =D :I3 :I4 :I5 =

Low p.: low multiplicity with EWK Z emission tail

High p_: larger multiplicity, jets from high

er QCD corrections

21



/+jets: azimuthal correlations

CMS-SMP-21-003

Probe to QCD in Z production

- Small p__: soft gluon radiation and non-perturbativity
- High p_: Z+jets full QCD contributions
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Simulation/Data




/+jets: azimuthal correlations

CMS-SMP-21-003

7 7
1 B M t
%_: 36.3 b (13 TeV) % Measurement E 36.3 b7 (13 TeV) % easuremen
B e
— CMS —e— MG5_aMC + PY8 (< 2j NLO) MPI * 10°E CMS —e— MG5_aMC + PYS (< 2j NLO) MP!
3 Preliminary 3 - Preliminary
N @ MG5_aMC + PYS (< 2j NLO) noMPI N N @ MG5_aMC + PY$ (< 2j NLO) noMPI
< anti-k; (R=04)jels < 2| anti-k; (R=04)jets
5 > 30 GeV, ly”| < 2.4 B 10E w306y, ly" <24
S P i . s = s e 55 *-a-
/ -
p <10 GeV ‘ ok Pi> 100Gev -~
1= o ‘ E "
Mottt o n ; -
V : e ¢ q b ——
i o 1 E_ ————
i T E
: I O I ! | g iy I i Fa vy 19 | 1
Sle 0.8 T|e 0.8
gz 06 gz 09
zl3 04 £l 8¢21
= 02 Stat g @ theo []® PDF & o, unc. = 0 Stat il ® theo [_]® PDF & o, unc.
=S 14 | BT
E - 06 T:U—"_H::n: oF 88
g% 03 w8 o4
202 Stat |l @ theo unc. ‘ ) . . =02 Stat [l @ theo unc. ‘ _ . ‘
0 05 1 15 2 2:5 3 0 0.5 1 15 2 25 3
A¢Z.Jeﬂ Aq)Z.Jet1

Correlation strongly dependenton Z p_
Good agreement with prediction accounting for MPI



Z+C 0, | | | near J et ATLAS-CONF-2021-033

. . . 2 T j
Z emission from quark at NLO proportional to asIn” ;25

Large production for small angles

- Z leptonic decays
- high-p_region with Pl et > 500 GeV
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