SM (EW and QCD) measurements
OATLAS iIn ATLAS and CMS

EXPERIMENT

) ARISTOTLE
L5 J=) UNIVERSITY OF
&7/ THESSALONIKI

Kostas KORDAS ((®)

on behalf of ATLAS & CMS

15 - .
21st % Scﬁoal mdw hops oa i‘fm‘l‘i'yfm o Phys & andiBray] 'w
%:: — - : . Corfu. Greece 2021 !

" |‘

= Wor'kshop on the Standar'd Model and Beyond
AUGUST 29 - SEPTEMBER 8, 2021 1



Standard Model Production Cross Section Measurements
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Exploring processes spanning
a production rate of 9 orders of
magnitude: from inclusive jet
production to EW production of

multibosons

Status: July 2021
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Precision measurements test
higher order QCD & EW
calculations and constrain
PDFs

Search for effects of new
physics, using the EFT
formalism

Here, will show recent results
(most new from this summer).
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NEW

9, CMS-PAS-SMP-20-011
pp @ 5 TeV data (27.4 pb'l) and @ 13 TeV (33.5 fb?)
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NEW

pp @ 13 TeV data (36.3 fbl) Multi-jet events (up to 7 jets)
Jet p; > 200, 100, 50 GeV for the rest & |y|<2.5

13 TeV Differential distributions: N, Py, 8@,
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*CA3 : Parton Branching (PB)

In either case for the Parton Shower description (Py8 or CA3), transverse momentum dependent (TMD)
lower jet multiplicities are OK, but prediction for high jet parton densities
multiplicities are low. and PB-TMD initial state parton shower
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NEW

-SMP-20-011

pp @ 13 TeV (33.5 fb'1)
CMS jet and top cross sections + HERA DIS measurements -

Determine: PDFs, a,, m,  , limits on Wilson coefficients for quark Contact Interactions (Cl)
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pp @ 13 TeV data 139 fb!

Measurements in various event-shape variables,
(i.e., transverse thrust, 7L, Sphericity, S, and Aplanarity, A)
in bins of jet multiplicity (n'!) & in different ranges of H., (= X |pT| of 2 leading jets)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-02
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NEW
SMP-19-009 , CMS-PAS-SMP-21-003
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pp @ 7 & 8 TeV data (4.6 fbl & ~20 fb'1). ) E
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Confirms a strange-quark density similar in size to

the up- and down-sea-quark densities in the range x=<0.02
sea-quark densities at high (as found by previous ATLAS analyses which have produced
Bjorken x. the PDFs ATLASepWZ16).

Improved determination of the
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-18
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o

pp @ 13 TeV data, 137 fb1 (Z - ee/upy combined )

Results unfolded to particle-level b-jet p; > 30 GeV & |n[<2.4
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Compared to:
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* Integrated x-section better
described by the LO MG5 aMC
but overestimated by NLO MG5
aMC and SHERPA predictions

*LO MG5_aMC better in shape
than the NLO

* Sherpa overestimated (~ x 1.2)
the integrated, but described
shapes well
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EXPERIMENT

pp @ 13 TeV data (139 fb-t) B momentum profiles relative to the jet-axis
B - J/Lp K in Jets (In reglons of the Jet pT)
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EXPERIMENT

sl Di-photon (yy) prod 2l imﬁfﬂ%@

—t%"\/\/\/\/\/ \0_4
pp @ 13 TeV data (139 fb1)

Results to particle level. Differential distributiqns in agreement with
Photon p; > 40, 30 GeV & |n|<2.37 & DR(y,y) > 0.4 Sherpa MEPS and Fixed Order NNLO
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Signal purity ~ 60% (p; dependent) 109 | ol
. . 10"4; —4€
Main challenge and uncertainty ok b
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Pure prompt:

NEW

I/

pp @ 13 TeV data (133 fb1) Sensitive to SPS: gl s [)uj
6u consistent from 3 J/y Triple Parton Scattering (TPS)! .
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%10 R R I %10 [T F& ] & o+ %10 [+ & I % & & [ &
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1 E 1 \ 1
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6 events in data. my gPEVITX PP tX pp—oipstX
Fit vield N 5+2 6 gPP ¥+ X _ (T Usps Isps Isps
| | : = ) TPS ! 2
yields: events -1.9 3! O e TPS

CMS Preliminary 133 b (13 TeV)
i I CMS, 15=13 TeV, Jiy+Jiy+Jy

—— e A Measured 3 J/ cross-section

—o—i AS,
LHCb, 15-13 TeV, Jiy+diy and extracted o
H JHEP 10 (2017) 068 d d
——t D eff, DPS

DO, 1s=1.96 TeV, J/y+Y

Phys.Rev.Lett. 117 (2016) 6, 062001
ATLAS, \s=8 TeV, Z+b—-J/y
RTURS, Vo8 ToV. Ze o
Phys.Rept. 5&9‘50_20)1 1%6 N

ATLAS, 15=8 TeV, Wiy pp — Jf[[lf/!}l.ff[[l

A 4

jH]]

N =272 (stat|+ 17 [syst.|fb

—— DO \s 1.8 TeV, y+3]et +1 4

Phys. S:Rev.D 81 (2010) 053012

CDF, \s=1.8 TeV, y+3-jet —
—— Fhys . 56 (1957) 311 4600 ‘] —2 7 ( p ) ( h )mb
e UA2, 15=640 GeV’, 4-jet eff , DPS *f -1.0 ex theo.
Physi L tters B 268 (1991) 145 154
—_— CDF \s=1.8 TeV, 4-jet
Phhg D47(19_9I9)4\B/57237ét
L E r.Phys. J\CS7S (2016)3 155

. : CMS, 1s=7 TeV, 4-jet * O-eff DPS

EurPhys. JC76(2016)3 155

CMS, WdS= 13 TeV, 4- jet

SMP-20-

e ampmvwes - consistent with other quarkonium measurements (3-10 mb)

P ATLAS, 1s=7 TeV, W-+2-jet
New J.Phys. 15(2013) 033038

s CHS: 5SS Tel W - smaller than the values extracted from other final states
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| Gyt pps [MD] - SM(EW+QCD) ATLAS&CMS 14
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pp @ 13 TeV data (36.3 fb1)

PAS-SMP-18-014

NEW

Simultaneous fit for Z - invisible (Missing Energy), ee, y4 channels

CMS Prelzmznary

36.3 b1 (13 TeV)

1 I 1 1 1 1 1 | 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1
B py +jets 7| [~ ee+ijets | § Data
-3 SM prefit
1 SM postfit
Bhte |- 4B — Wl Z(—vv)+j
3 W(—=lv) +]
Minor
p—— ::::':_ e QCD multijet
o 1.25 ' ' s | i_ 'E Z/v* (= 11) +]
£ 1.00 = s
m 0'75 1 1 1 1 1 1 1 1 1 1 1 I 1 I I:| 1 1 I 1 1 1 I'I'I -.I_Ell
TCQ 3 T T . T 1 T T I_ T T T T T T ! I_ _I 1 ! T T T T ! I_
= 1~o .° o oe ° o | coo: ® oo, o o|B% o%e 0e®e > |
T 1P% © o —po oo  ° © | [09%% °"e®0® 2 ALEPH
&) _3_|.| i |.| PR S [ I R T NN T R T R T [ N R T B RN |.i 1]
500 1000 5OQ 1000 500 1000 L3
pr> (GeV) OPAL
Measured:
u LEP Comb.
o(Z+jets)B(Z-»vv) TI'(Z-vv)
o(Z+jets)B(Z—¢£) T (Z-e£) |, =523+3(stat)£16(syst) MeV|

(major uncertainties from:
lepton efficiency & jet energy)

Invisible:
p{™ss > 200 GeV

excluding Z - ee/py

WH+jets and QCD estimated
in dedicated control regions

CMS Preliminary ~ 36.3 fb~! (13 TeV)
I T T T T I T T T T T T T T I T T T T ]

. SM
- ——e— 450 + 48 MeV
- e 498 + 17 MeV
- —e— 539+31 MeV
- —— 503 + 16 MeV
= —o—| 523 + 16 MeV

' I 1 1 1 L I 1 1 1 1 1 1 1 1 I | i 1 1 ]

400 450 500 550 600

Iinv [MeV]

The first measurement of the Z invisible width at a hadron collider; the single most precise
direct measurement in the world, competitive with the combined direct measurement from LEP

SM(EW+QCD) ATLAS&CMS
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pp @ 13 TeV data (139 fb1)

XSecC VsS.

pr(lepton), m(WW), p-(jets), N

Fiducial selection requirements
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|77‘€| < 2.5
Mey > 85 GeV
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x10°

Test of pQCD and EW theory
— . Sensitive to EW boson self-interactions
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100

Limits on aTGCS obtained , also in a phase space (p{°! > 200 GeV )
where linear term (interference bw SM & anomalous amplitude) is enhanced.

Data and Stat. Uncertainty
Total Uncertainty

Sherpa2.2.2*
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Linear EFT Prediction, cw=1 ]
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* plus Sherpa+OL gg - WW
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% T T I T T T I T T T ‘ T T T | T T T | T T
b ATLAS —— 68% CL

's=13TeV, 139" = 95% CL

s ] —— Linear
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1 1 | 1 1 1 | 1 | 1 1 1 1 | 1 1 1 | 1 1
_ —4 -2 0 2

4
cy/AZ [TeV?

150

200 250

3
Integrated fiducial cross-section [fb]

All consistent with SM

CMS has also performed
WW+N(0,1,>=2)jet
measurements (SMP-18-004)
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WV VBS semilep NEW

pp @ 13 TeV data (137 fb'1). W+jets : W — elp channels. V - jets (2 resolved jets or 1 boosted)
Deep Neural Net used:
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z — == 2 e === 5
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ATLAS

EXPERIMENT

pp @ 13 TeV data (139 fb1)
Z - |l

CR for main QCD Zy + jj bkg, and Wy + jj.
Data-driven non-prompt y
Fit m; distribution
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Z - v (important for BSM physics)
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Observation of WWW

COATLAS

ikl production ol T

pp @ 13 TeV data (139 fbl) NEW
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COATLAS

EXPERIMENT

pp @ 13 TeV data (36-139 fb-1)

Combined EI

ATLAS Preliminary
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ATL-PHYS-PUB-2021-022

(s =13 TeV, 36-139 fb”
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-001/index.html

conc

* Showed recent SM results from ATLAS and CMS (most are new from
this summer)

- Investigate processes spanning 9 orders of magnitude in cross-
section: inclusive jets —» multi-bosons — vector-boson-scattering

* Run 2 dataset (~140 fb-t) has allowed precision measurements in both
ATLAS and CMS

— Test higher order QCD & EW calculations and constrain PDFs
- Search for effects of new physics, using the EFT formalism
* Run 3 (starting soon) will double the data sample

- Reducing systematic uncertainties (theoretical & experimental) is
Important

* Precision measurements can lead to (indirect) discoveries
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Measurements in various event-shape variables,

Thrust axis "nT : direction w.r.t which

projection of the jet momenta is maximum N bins of jet multiplicity (n'*!) & -
in different ranges of H, (= Z |pT| , 2 leading jets)

Measurements compared to MCs with LO & NLO ME
matched to PS at LL accuracy
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COATLAS b fragmentati STDM-2018-52 NEW

EXPERIMENT gfb_l)

Measurement of b-quark fragmentation properties in jets using the decay B* — J/yK¥ in pp collisions at \/5 = 13 TeV with the ATLAS detector
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