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Introduction

Standard Model Production Cross Section Measurements Status: July 2018
I Theory
LHopp Vi=7TeY 3 Test Standard Model on wide
B Daia 45-490"
1 phase-space range.
LHC pp Vs=8TeV
B&N ome02-wst 4 The results give an input for
Hepp BT E @ Measurements of SM EWK
BN Daia 32-7980"
parameters
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] EFT constraints

(*]
8 @ PDF constraints
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2 @ Test of pQCD
Probing non-pQCD

Lots of interplay between applications
of various measurements.
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All ATLAS SM public results: link
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults

MEASUREMENTS OF ELECTROWEAK PARAMETERS



Effective leptonic weak mixing angle

JHEP08(2016)159 — ATLAS-CONF-2018-037

Drell-Yan cross-section q§ — Z/~v* — £ is expanded as
a sum of 9 harmonic polynomials:
do _3 _ doUtt A4 (and As) sensitive
dpf! dy* dm‘ dcos6 dg 167 dpfl dy® dm‘*  to weak mixing angle

1
{(1 +cos?0) + 3 Aol —3cos?0) + A; sin26 cos¢

- .
The angular coefficients +3 42 sin20 cos 26 sinG cos¢+cose
Ao_7 are extracted from

the data by fitting +As sin® 0 sin2¢ + Ag sin20 sin¢ + A; sin@ sinq)}.
templates of the polynomial terms.
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Measurement in 3 channels:

central-central ee and ppu,

central-forward ee, binned in mass

and rapidity

— reduces the dominant source of
systematics arising from PDFs

.Ext.rac.t sin? Oéﬁ by .paran'wetrising A4
in likelihood via a linear interpolation
model from Az vs sin2 Gfﬁ predictions.

— Cross-check of the sin? fof extraction is
performed with Apg measurement from
triple-differential DY CS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2014-10/
http://cdsweb.cern.ch/record/2630340/files/ATLAS-CONF-2018-037.pdf

Effective lepto

sin 0% = 0.23140 + 0.00021(stat.) + 0.00024(PDF) +
eff

x107°
Channel ccoe | mice | cecr | ceco tmce | ccoe tpnec +ccon

Central value 023148 | 023123 | 023166 | 023119 | 023140
Total £ ) I 1 56
Stat. n 0 2 31 2
Syst. a8 4 32 8 2

T intics in
PDF (meas.) B 9 7 6 1
% modelling 0 0 7 0 5
Lepton seale 4 4 h 4 3
Lepton resolution 6 1 2 2 1
Lepton cfficiency 1 3 3 2 n
Blectron charge misidentification 2 0 1 1 <1
Muon sagitta bias 0 5 0 1 2
Background 1 2 1 1 2
MC. stat. 2 2 18 16 12
Uncertainties in predictions

PDF (predictions) a7 35 2 3 21
QCD scales 6 s 9 5 6
EW corrections 3 3 3 3 3

@ Measurement uncertainty 36 x 107>

@ Central-forward is the most precise channel,
1.5M events, (13.5 CC ee+pp)

0.00016(syst.)

ATLAS Preliminary

LEP-1 and SLD: Z-pole ' 0.23152 + 0.00016
LEP-1and SLD: A% | —e—i | 0.23221+0.00029
SLD: A [ B 0.23098 + 0.00026
I Tevatron 0.23148 = 0.00033|
LHCb: 7+8 TeV I 0.23142 = 0.00106
| CMS:8 Tev 7 “|o23101+ o.ooosal
ATLAS: 7 TeV. L 0.23080 + 0.00120
ATLAS: eecotin, "] 0.23119 = 0.00049
ATLAS: ee B 0.23166 + 0.00043
ATLAS: 8 TeV g 0.23140 + 0.00036
023 0231 0232 \
sin®o),
lcms py 18.8 16" — ol 0.23125 = 0.00060)
[cMS ee 19.6 " [ ] 0.23056 = 0.00086|
[CMS ee+uy [ . 1 0.23101 = 0.00053|
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Eur. Phys. J. C 78 (2018) 110
ATL-PHYS-PUB-2017-021

W mass measurement and prospects for p'¥

EW  PDF
Unec. Unc.  Unec. Unc.  Unc. | Unc. Unc. Unec.

Total x2/dof
Unc. | of Comb.

18.5 | 29/27

Value | Stat. Muon Elec. Recoil Bcekg. "/Q(‘l)
[MeV]

| 80369.5 [ 6.8 6.6 6.4 2.9 1.5

8.3 9.2

5.5

stat. = 6.8 MeV exp. syst = 10.6 MeV

N 12
2 ATLAS Simulation . 30f T ; ; ]
;3 1.1 - 3 [ ATLAS Simulation Preliminary 1
Vs=7 TeV, pp— W+X, pp— Z+X O b =13Tevzo o
1. - F PRt
¥ 20 oo E
1.05] £ 00 ]
150 3
0.95 101 E
0.0l == Pytia 8 AZ o High Caormeterseungs 3
) —— DyRes 1.0 o —e— Low-y Calorimeter settings
0.85F — Resbos E | | | | | 1
— CuTe 5 10 15 20 25 3
L L L g
0.8
0 5 10 15 20 25 30 35 40 W
P2 [GeV] O Goal: a measurement of py’ with 5 GeV
T

bins to have direct probe of the W/Z pr
ratio (target @ 1% unc.)
— need recoil resolution of the same order.

@ An issue in modeling of the W/Z pr was
observed in my, measurement: only (N)LL
parton shower predictions are in agreement . . .
with the data (ue P%) all resummed Qo Plle.up degrades_the resoll_Jtlon of the recoil

— in low-p environment is a great

calculations fail to describe the observed . .
opportunity for this measurement.

distributions.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2014-18/
https://cds.cern.ch/record/2298152/files/ATL-PHYS-PUB-2017-021.pdf

MEASUREMENTS RELEVANT FOR EFT
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single
top




Status of SM measurements

Inclusive diboson channels are extensively studied - variety of results are available.
Rare processes:

VBS WEWEjj  Wzj WW/WZj vy —WTW-  Zvjj ZZj
VBF Zjj Wijj
Tribosons Zyy W~y WV~ Yy www

o A fruitful start of Run2 data analyses for Vector Boson Scattering (VBS):
observations of 2 processes.

@ Vector Boson Fusion (VBF) : significance well above 50.

O Tribosons: No 13 TeV results yet. Runl achievements: one observation and one
evidence .

o Differential results are available for inclusive dibosons, VBS, VBS and triboson
measurements. Constraints on

anomalous triple gauge couplings (aTGCs): dibosons and VBF
anomalous quartic gauge couplings (aQGCs): VBS and tribosons

Z/y

GCAW z
qug%mc (a)T(%vw (a&\{» }L(‘rgzqcc «?écc ZMIGC
4 (not in SM) Z/Y
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Latest VBS results

W= W= jj-EW: observed significance 6.9¢

(4.60 exp.)
) T T
= 41— ATLAS Preliminary Experimental uncertainties
s
% [ Vs=13TeV,36.11b" == Theoretical uncertainties
3

. Underestimate of data partially due to
mismodelling of colour flow information

Interference with strong production and NLO EW
corrections are not included in theoretical predictions
1 I

Sherpa v2.2.2 Powheg+Pythia8 Data

Measured fiducial cross-section of EWK
production:

ofid =2.95+0.49(stat.) £ 0.23(syst.) fb

— information needed for EFT
interpretation to be published

WZjj-EW: observed significance 5.60 (3.30 exp.)
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O Measured EWK cross-section in fiducial PS

@ First differential results for EWK+QCD production:
variables sensitive to aQGCs: m¥/Z, 3" pt, A¢(W, Z)

and variables sensitive to pQCD (Neis(pT > 40) GeV,
Jge:E(PT > 25) GeV, mj;, Ap(j1,2), Ay(j1,42))
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-030/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-033/

Status of VBF results

—e— Data (QCD+EW) 13 TeV  [/777ZZ) SweRPA 2.2 (QCD-Zj) + PowHeS (EW-Zj)

Wijj Zii S e S vl mc i et
— —a— Duta(QCOEW)Tov  BEEEE Aroen(QCD2i) + Ponea (EW-Z)
10| T " .
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@ Measurements in several fiducial regions.

@ Differential cross sections of EW and EW+QCD
processes: variables distinguishing QCD and EW
production, and observables sensitive to aTGCs.

¥ ATLAS EW-Zjj
[ PowHEG EW-Zjj m, > 250 GeV
W PownEG EW-Zjj m>1TeV 1

Production cross-section [fb]

Missing NLO electroweak corrections!

L 1
'5 10 15
Centre-of-mass energy \s [TeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2014-11/

Differential distributions in inclusive dibosons Phs. Rev. b o7 (2018) 032005

@ Most of the inclusive diboson channels provide results for differential CSs.

Qo

Include distributions sensitive to aTGCs.

ZZ — 4/ results:

Q@ ZZ — 4¢ CS is measured as a function of 20 observables.
— Most of them for the first time!

O m(jetl,jet2) is particularly sensitive to the

EWK-ZZjj process

@ pr of leading Z boson is sensitive for aTGC searches.

OO0 ATLAS /5= 13 TeV, 36.1 fb ' S |ATLAS s5=13TeV,36.1 b
[} G os
\ﬂ 035 * Data ~ * Data
2000 Total uncertainty 2 Total uncertainty
Systematic uncertainty 06 ‘Systematic uncertainty
oo — Stemm —— Maraix NNLO + cortctions
g . POWHEG + PYTHIA & MATRIX NNLO
D020 (SHERPA g & ZZjj) o —— SHERPA
o —— SHERPAEW-2Zjj o 04 POWHEG + PYTHIA
Dyors T EW-ZZjj normalized to <] (SHERPA gg & ZZjj)
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oo o
g0 g =
2 T EH_
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el el
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More differential diboson results:
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-15/

W and Z polarisation in diboson events ATLAS-CONF-2016-034

@ Measurement of WoZ and WZy production in inclusive S [ ATiasPaiminay | e o ]

diboson events. B soof s-eTenamie’ S Wcoromo |

) S bl =z ]

O Template fit to angular distribution in data. 5 400f- (¢, ¢=eorp) = Gers 1
wo_ zZ _ E
o fy¥ =0.26 £0.06, fy = 0.244+0.04 aoof-
@ Observed significance for longitudinal polarisation in W :

200
bosons: 4.20 (3.80 exp), measurement of longitudinal

polarisation in Z bosons. 100

@ Dominated by statistical uncertainties.

o F +
= E
_ . 5 PE Lt ot H
— Future measurements: WpZy and Wy Zy — WpZp production R s £
P . 08F =
— A promising avenue for new physics searches! E ) ) ) E
08 05 0 05 1
q,.cos 6,
= T T T 5 .o 06 T r r r .o 06 e
= ATLAS Simulation Preliminary ATLAS Preliminary ATLAS Preliminary
o W boson +eaes Total phase space x 0.5 o5E Vs=13TeV,36.1 10" ® Data B 05F {5=13TeV,36.1fb" ® Data 1
WZ events Fiducial phase space -5 4 Powheg+Pythia -5 4 Powheg+Pythia
Fiducial longituinal polarsation B MATRIX = MATRIX
e oaf o uncenainy i ey
- 2 o uncertainty - 2 o uncertainty
158 0 03f B 03fF - 4
1 | 0.2 | 0.2 =
05 E 01 B 01f E
: 1 W* polarisation in W*Z Z polarisation in W*Z
] 0 I | I I I 0 I I I I I I I
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-034/

PDF-SENSITIVE MEASUREMENTS/
TESTING PQCD



ATLAS measurements sensitive to PDFs

Measurement

PDF sensitivity

Inclusive W, Z and asymmetries
High mass Drell-Yan
Low mass Drell-Yan
W, Z, W/Z + jets
W with charm quarks
~v/Z + ¢, b production
pT
tt production (total, differential)
Single top production
Inclusive jet, dijet, trijets
Isolated photons

Quark flavor separation (u, d, s)
sea quarks at high-x, photon PDFs
low-x, resummation effects
Medium x gluon

Direct sensitivity to s-quarks

¢, b quarks, intrinsic charm
Gluon sensitivity

Gluon (as)

Gluon and b quark

High x quarks and gluon (as)
Medium and high x gluon

Elena Yatsenko
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W /Z precision mea

surements: 7 TeV

Eur. Phys. J. C 77 (2017) 367

dofdly, | [pb]

Theory/Data

160 \ \ \ \ = \ \
E ATLAS \ Zly* - IT 3 & g5g[- ATLAS N 4
140 V5=7TeV, 4610 s<m<necv] =L Vs=7TeV, 4.6 fb B
R favagagome  rowey 1 % F ]
120?»‘?’@? A M}mgw n<2s 3 3 e : ! B
100 M B ‘ﬁ i Ak 1 #':
wol 5 ] 550 1
| | F + + 4
£ - B [ oo W>Z;G:VV ]
60 E s00[- 2 "ou2 e 1
£ B [ o cne . B
w0l o E E T:;Apnrzn my > 40 GeV. E
E' A wwemoors = Uncor. uncerainy B 450 A wwrzons  —H Uncor. uncertainy 3
20  wrorso -T‘u?"“?lZfoL"lT:?ed cis T [ wweorso -‘L‘?""?Zs".ff'e‘l?‘?m C1o9 ]
<
vosEr T P S e
R R X Y X AL I Y oy e e e AR AN T
\ ] \ s \ s \ s
0 05 T 15 2 2 05 1 15 2 2.
" ni
H H & G- 1.0 GeV? ;
O ATLAS-epWZ16 is provided 208 AT
@ & MMHT14 profiled
@ Light quark pdf constraints
@ Confirmation of unsuppressed
strange-quark density
rs = 52 = 1.19 £ 0.07(exp)+
+0.02
10.02(mod) o1 (par)

Precision:

Z: 0.32%, Wt: 0.6%, W—: 0.5%
— Better than NNLO QCD +
NLO EW theory

O Differential measurements
are nearly as precise as
integrated CS

A sensitive test of lepton
universality

Competitive measurement
of |Ves| of the CKM matrix

Q?=1.9 GeV?, x=0.023 ATLAS

A ABM12 e

= NNPDF3.0

* MMHT14 —_——
v CT14 —_—

o ATLAS-epWZ12

ATLAS-epWZ16
exp uncertainty

W exp+mod-+par uncertainty
exp+mod+par+thy uncertainty

Elena Yatsenko
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2012-20/

More W/Z results

tt/Z ratios @ 7, 8, and 13 TeV:

2 E s P — @ cancellation of luminosity and some systematic unc.
g 1 1 xperimental uncertai . . P
g o foTevistpnt B epermenaiuncerainies o @ Z: constraint of light-quark-sea and gluon densities
° H =z . . .
3 v S @ tt contributes to gluon density constraint
% 1 nni . e . .
° b i — significant power to constraint gluon density at
0.95| (inner uncert.: PDF only)
e x ~ 0.1 and total Ilght quark sea at x < 0.02
2 Y ATlAS % MTATLAS
g [ wrevson g [ wrevsen /
Tevaen v acn 4
Cross section ratio measurements: partial o T /
cancellation of systematics
T
ATLAS \
13Tev, 81 pb* T ma riAS epwziz O rioiziz
= gfid fid A&i%ﬁﬁﬂq AT£§ZWB§::§+Z ‘\
Ry = 0y 1 Oy A ] . . I
. 2 1 0 2 1
I data + total uncertainty 1o o x 0 o x
| data+ stat. uncertainty T T T T
A ABMI12 - ATLAS . .
v CTl4nnlo JAlvbii Double ratio:
m  NNPDF3.0 B cata + total uncertainty 41
T osacL B sen5|.t|v.e tests of the SM
A ATLAS-epWZ12nnlo P . predictions
O HERAPDF2.0nnlo —— ; .
. s s \ \ M . — tension with observed
o uems . .
12 122 124 126 128 13 132 134 O Mincemasz S predictions is 3-4o
on- 1 og O remorzo o
Lsoseomeerreren
— sensitive to uy and dy at low x T e ot

Olren), Siren
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-02/

@ V+jets production is dominated by strong interactions:
Precision test of pQCD: test state-of-the-art pQCD calculations

*]
Qo
Qo

Impact on PDFs understanding

Background to SM measurements, Higgs and New Physics:
important validation of the Matrix Element+Parton Shower MCs

Input for MC tuning

1
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W/Z+jets

JHEP 05 (2018) 077
Eur. Phys. J. C77 (2017) 361

Z+jets @ 13 TeV

T T T T
2y M) 2 1jet
4 Data

T
ATLAS
E 13Tev,3.16 0™
antik jets, R =0.4 e
P >30Ge, vk 25

&= SHERPA 22
ALPGEN+PY6

doldH, [pb/GeV]

= Z+z1jetN NNLO
8= BLACKHAT + SHERPA

=+ MG5_aMC+PY8 CKK)
85 MG5_aMC+PY8 FxFx

+_____
=
£ ==
© t +
g JE
S L
s %
g
& S B,
g f f
g
Q
z 1 v
2 08
a Il Il Il Il Il
s t t t t t
g g PR aEAE
s 1F
£ 08
a I It L L L Il
200 400 600 800 1000 1200 1400
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— Clean experimental signature.

— Hr = Zleptons, Jjets |PT‘1

inclusive quantity commonly used

to set the scale, discriminant in

BSM searches.

— Important test of recent

NNLO calculations.

W+jets @ 8 TeV

(5=8Tev, 202"

antik jets, R = 0.4

o' >30Gev, Iy <44

/ Data “a= N, NNLO

S BH+S Excl. Sum

—*— SHERPA221NLO SHERPA22.1L0
SHERPA 14LO —4— ALPGEN+PYS

—4— ALPGEN+HERWIG

ATLAS

W(- ev) +2 Ljets

Pred./Data Pred,/Data Pred./Data

05 1 15 2 25 3 35
Leading jet |y|

— Differential CSs for W+ > 1;:
sensitivity to H/O corrections

and to PDFs

— Differential CSs for W+ > 2;:

sensitivity to hard parton

radiation at large angles, and

ME/PS merging schemes

Elena Yatsenko

5. T T T T T
§ [ ATLAS (5=8Tev. 202"

B e wesljesyw zijer) RS R=04

s 0 P > 30 Gev, Iy“| < 4.4
=, [ e/ ~S= NCFM, CT10 NLO
2" [ MCFM.HERAPDFNLO  —— MCFM, MSTWOB NLO
2 MCFM, NNPDF 23NLO  —¥— SHERPA 221 NLO
5 F SHERPA221NLOEW == BH+S Excl Sum

3 [ —ewicers

Pred.Data Pred./Data Pred./Data

W boson p, [GeV]

— Wt /W~ asymmetry, high
precision: many experimental
and theoretical uncertainties
cancel out.

— Valuable input for u-, d-, and
gluon PDFs.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-01/

Inclusive and dijet cross section

at 13 TeV

JHEP 05 (2018) 195

© Inclusive jet CS is measured 2d (p<', |yi°t))
Qo Measurement up to p-r <35 TeV

8 I eos T3 8 15%20 JATLAS
Q 14 f14 Q12 E 1 1
=10k, = N 4, MWM } L=81nb*-3.210
& VA sy 50;,* i ]
204 2 {s=13TeV
0.6 = 06F 3
+ } } t antik, R=0.4
14E 05<)y|<1.0 1.6F 20syl<25
1.3 1 Data
e TN | B
i o1 oo
0.8¢ 0.6, ) NNLO QCD
%’3 1o<hi<15 f 25 25<yi<30 1 ! Okey Dk
P 2F El et
Fe ) H#“# T fM‘ S
11 1.5F E
i —— 14 M0 o
0.8} I 0.5h L = y NNLO
107 2x10° 10° 2x10° 107 2x10° 10° 2x10°" MMHTZ014NNLO
P, [GeV] P, [GeV]
x /do»t CT14 | MMHT 2014 | NNPDF 3.0 | HERAPDF 2.0 | ABMP16
all Jy| bins
PP [419/177 | 431/177 104/177 132/177 175/177
P 399/177|  405/177 384/177 428/177 455/177

@ Tension between data and NLO theory in a
global fit using all pr and |y| bins. Already
seen in previous 8 TeV data
— sensitive to assumptions on correlations for
two-point systematics

First comparison with NNLO |mproved

description for ug = pur =

T
Elena

Yatsenko

O Double-differential dijet CS (mj;, y*)

=n

—y2l/2

@ Measurement up to m; < 9 TeV.
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B
o o %
S

d’ofdm; dy* [pb/GeV]
=
o

[
o
w
T

— T
antik, R=0.4

(s=13TeV, 81nb*-3.21b"

—T—
ATLAS

® y<05(x107
05 <y*
10 <y*

15 <y
20sy
25sy*

>»0OM®O

<1.0(x10%)
<15(x10°)
<2.0(x10%)
<25(x10™)
<3.0 (x10"%)

)

Systematic [N Aa, s
uncertainties *ﬁ
N A
NLOJET++ (CT14 PDF) x —A—
Norpert son e aom
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@ NLO pQCD predictions and data agree

within uncertainties.
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https://arxiv.org/pdf/1706.03192.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-03/

as determination from multi-jet data

arXiv:1805.04691
arXiv:1707.02562

Dijet azimutal decorrelation

A

Measure quantity Ra,: fraction of dijet events
with Adgijer < A@g: in all dijet events, as a

dijet
function of Hr: Ray(HT) = as(Q = Hr/2)
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@ High precision, many experimental and
theoretical uncertainties cancel.
O Extract as using Agég'“ij.aext = 7m/8 - most
reliable pQCD predictions.

Elena Yatsenko

Transverse energy-energy correlations (TEEC) -
energy-weighted angular distribution of jet pairs.
An alternative event shape variable for hadron
colliders, not affected by soft divergences.

O Shape of TEEC observables (and its
asymmetry) depends on a5 and not very
sensitive to PDFs
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2012-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-10/

ATLAS R,,
ATLAS TEEC
CMS M, .,

CMS incljusive jets

0.2

D@ inclusive jets
ALEPH event shapes
JADE event shapes
ZEUS inclusive jets
H1 incl. jets + dijets

0.15

B o dpsoOmMrAxOD> S

0.1
L +0.0063
[ B2 agmy) =0.1127 Zgo07
2 3
10 10 10
Q [GeV]
Rag: TEEC and ATEEC:
- 0.0076

as(mz)  Total  Statistical Experimental Non-perturb. MMHT2014 PDF set [ for as(mz) = 0.1162 £ 0.0011 (exp.) |0 5061 (scale)l: 0.0018 (PDF) + 0.0003 (NP)
uncert. correlated  corrections  uncertainty iation|  ay(mz) = 0.1196 + 0.0013 (exp.) *000¢} (scale)+ 0.0017 (PDF) + 0.0004 (NP)

753 TS 707 05 7 "
0.1127 =27 +05 —L7 —0.1 —0.6 —0.0 -9

— Precision of as measurements is mainly limited by the scale dependence of NLO pQCD predictions
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Jet substructure: soft-drop jet mass

Phys. Rev. Lett. 121 (2018) 092001

(*]

Qo

(*]

Qo

Jet mass is used for constructing taggers of boosted Z/W/H
hadronic decays: crucial for ATLAS search program.

Presence of non-global logarithms prevented from calculations
beyond LL.

Soft-drop is a jet grooming procedure to remove soft and wide angle
radiation from a jet. Formally insensitive to non-global logarithms.
Recent soft-drop mass calculations at LO + NNLL and NLO + NLL

Measurement of dimensionless mass p? = m*ft drop/puTngroomed
in dijet events; unfolded to particle-level

Non-global logarithms
ki

1004.348

k1 gluon is outside of jet
k2 gluon is recombined with jet
and contributes to jet-mass
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Elena Yatsenko
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-04/

@ Measurements of the production of high pr prompt photons in association with jets in hadron
colliders provide
o tests of pQCD predictions in a cleaner reaction than jet production
o constraints on the proton PDFs (flavour content when jets are tagged)

0 input to understand the background to Higgs production and BSM searches
— validation of Monte Carlo models

isolated single-photon plus (HF) jet isolated triphoton production

~ Elena Yatsenko 24/29



Testing pQCD with photons

2

v

T

do/d|cos 6% [pb]

photon+jet @ 13 TeV
Phys. Lett. B 780 (2018) 578
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Test of QCD dynamics
with angular correlations
between the v and the jet
— shape of data much
closer to direct-photon
than to fragmentation
processes. Consistent with
dominance of t-channel
quark exchange.

photon+HF @ 8 TeV
Phys. Lett. B 776 (2018) 295
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@ Probe of HF content of the

proton

— mismodeling of high EJ:
increase of gluon-splitting
contribution (appears only at
tree level in the 5F NLO
predictions) - higher order
calculations are needed.

Elena Yatsenko

Pred./data

triphoton @ 8 TeV
Phys. Lett. B 781 (2018) 55

= 10 T
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S \s=8TeV,20.2fb"
= 15 4 Data(sys., tot. unc) 3
’E 4 MGS5_aMC+Py8
o 4 MCFM
1075 3
t
102 t .
10°
1.5E E
R E—N—
055 3
0 200 00 600
m™ [GeV]
@ Test of pQCD with rare SM

processes

— improved modelling of
triphoton production is
needed: MCFM at NLO
underestimates data by
factor of 2. No NNLO
calculations are available.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-01/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-06/
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Measurement of inelastic pp cross section  Phs Rev. et 17 (2016) 162002

@ Inelastic cross section is a fundamental quantity that cannot be calculated with perturbative QCD

O Observed rise of gjne wWith /s Otot = Oelastic +
— energy dependence cannot be
predicted directly by QCD Onon-diffractive + Osingle-diffractive + O double-diffractive
— need to be constrained by P P 2
measurements. T~
Qo Uifri1de'| is measured using events tagged in ) . N ) - ,
Minimum Bias counters 2.07 < || < 3.86 * o S
for ¢ = M2/s > 1075.
O fp = (0sp + opD)/Tinel is poorly known
and differs between models.
@ The fraction of single-sided events, Rsg, is 13 TeV: Tinet = 78.1 £ 0.6 (exp.) + 1.3 (lum.) + 2.6 (extrap.) mb.
related to fp and used to tune fp in models.

@ Extrapolation to the full PS using 7 TeV
measurements to minimise model dependence.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-05/

Minimum bias and underlying event

Eur. Phys. J. C 76 (2016) 502
JHEP 03 (2017) 157

Minimum bias: any inelastic events

@ Measurement of distributions of charged
particles with pr > 100 MeV, |n| < 2.5
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Level of MC variation >>

— Can improve precision of my, measurement.

Underlying event: soft processes accompanying hard
interactions (ISR, FSR, MPI, CR, BR, ...)

@ Distributions of charged particles with
pT1 > 500 MeV in events with at least one
charged particle with pr > 1 GeV

leading charged particle
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uncertainty of the measurement! systematic mismodeling is observed
— An important input for MC tuning.

Elena Yatsenko
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-17/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-07/

Summ

© 06 06 0 o

Rich physics program; probing all from soft to hard interactions.

Outstanding precision of EW parameters, many new ideas are still to be implements.
Start testing rare SM processes - promising for new physics searches.

Precision of many measurements challenges pQCD and non-pQCD predictions.

Improvements in precision of many measurements require theory input.

Most of the measurements are implemented in RIVET, data available at HEPDATA.
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