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Intro

e LHC data provide the opportunity to carry out a staggering extent of
diverse verifications of the Standard Model predictions, covering
processes with assorted final states and spanning several orders of
magnitude in cross-section

e Standard Model (precision) measurements also offer the opportunity
for a comprehensive and unbiased search for new physics effects

* Precision measurements are dominated by systematic uncertainties,

experimental and theoretical. Optimal measurements can/should
balance/trade statistical fluctuations with systematics to improve the
results.
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Different choices for Theory modeling and their uncertainties
Compatibility and combinations arXiv:2308.09417

LHC-TeV MWWG LHC-TeV MWWG
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https://arxiv.org/abs/1909.04133
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-14/

Channel eecc | Bhco | eécr | eecc t Moo | eecc t HHcc T eecr
Total 65 59 42 48 34
1 O 3 ° ° ° Stat. 47 39 29 30 21
- . Syst. 45 44 31 37 27
precision : sin@
W PDF (meas.) 7 7 7 7 4
p= modelling <1 <1 1 <1 <1
ATLAS: JHEP 1509 (2015) 49 4.8/fb @7T€V Lepton scale 5 4 6 3 3
LHCb:JHEP 1511 (2015) 190 1/fb+2/fb @7+8 TeV LLeptton re;"l,“tion ‘;’ i ‘z 1 ?
epton efficiency
CMS: arX|V:1806.00863 20/fb @8Tev Electron charge misidentification <1 0 <1 <1 <1
Muon sagitta bias 0 4 0 2 1
ATLAS-CONF-2018-037 20/fb @8TeV Background ) ) ) ) )
(electron pairs with one electron in the forward region) MC. stat. 25 22 18 16 12
Uncertainties in predictions
PDF (predictions) 36 37 21 32 22
m 0.6 T QCD scales 5 5 4 6
< 0.5 LHCb EW corrections 3 3 3
0.4F P >20Gev

2.0<n<4.5

effective leptonic weak mixing

%-21’ - LEP+SLD still 2-3x better
. & dat =8TeV . . ATLAS Preliminar
; e large PDF syst uncertainties can be reduced e imswzon| " & o252 5000016
0 =— POWHEG + PYTHIA |
— —  (sin®{l = 0.2315) e constraini ng in situ (Oﬁ: pea k) LEP-1 and SLD: A i | 028221 0.00029
-01 —— SLD: A —e—i 0.23098 + 0.00026
0.2  fitting also angular coefficients (m,, yl) Tevatron i —a— |oz3t4820.00033
0 . I R TR SRR RPN LHCb: 7+8 TeV B — o i |023142+000106
'%0 80 100 120 140 160 CMS: 8 TeV B ——— "] 0.23101+ 0.00053
My [GeV] impact of exp systematics are much smaller  #ws7e [t Joamozo0ora
ATLAS: €eccHI —0—— 0.23119 £ 0.00049
ATLAS: ee, B F—e— |023166+0.00043
LHCb high rapidity yields less AB dilution atasistey [ —$+  |ozs140: 000036
0.23 0.231 0.232
sin’e’
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037/
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Direct reconstruction

ATLAS+CMS Preliminary
LHCtopWG

World comb. (Mar 2014) [2]
stat
total uncertainty

LHC comb. (Sep 2013) LHCtopWG |
World comb. (Mar 2014) H3
ATLAS, l+jets H—=—t
ATLAS, dilepton =

ATLAS, all jets
ATLAS, single top
ATLAS, dilepton
ATLAS, all jets
ATLAS, l+jets
ATLAS comb. (Oct 2018)
ATLAS, leptonic invariant mass
ATLAS, dilepton (*)
CMS, l+jets

CMS, dilepton

CMS, all jets

CMS, l+jets

CMS, dilepton

CMS, all jets

CMS, single top

CMS comb. (Sep 2015)
CMS, l+jets

CMS, dilepton

CMS, all jets

CMS, single top

CMS, I+jets (*)

CMS, boosted (*)

* Preliminary

Miop SUMmary, s =7-13 TeV

total stat

m,,, + total (stat + syst)

= 173.29 + 0.95 (0.35 + 0.88)
- 173.34 + 0.76 (0.36 + 0.67)
al 172,33 +1.27 (0.75 +1.02)
=_——] 173.79 +1.41 (0.54 +1.30)

fH—— 175.1+18(14 £ 1.2)

1722 £2.1 (0.7 +20)
172.99 + 0.85 (0.41 + 0.74)
17372 +1.15 (055 +1.01)
172.08 + 0.91 (0.39 + 0.82)
172.69 + 0.48 (0.25 + 0.41)
174.41 % 0.81 (0.39 + 0.66 + 0.25)
172.63 +0.79 (0.20 + 0.67 + 0.37)
173.49 + 1.06 (0.43 + 0.97)
17250 + 152 (0.43 + 1.46)
173.49 + 1.41 (069 + 1.23)
172.35 + 051 (0.16 + 0.48)
172.82 +1.23 (0.19 +1.22)
172.32 + 0.64 (0.25 + 0.59)
172.95 +1.22 (0.77 + 0.95)
172.44 + 0.48 (0.13 + 0.47)
172.25 + 0.63 (0.08 * 0.62)
172.33 +0.70 (0.14 + 0.69)
172.34 +0.73 (0.20 + 0.70)
172.13 +0.77 (0.32 + 0.70)
171.77 £ 0.38

4 172.76 + 0.81 (0.22 + 0.78)
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{s  Ref.
7TeV [1)
1.96-7 TeV [2)
7 TeV 3]

7 TeV (3]

7 TeV (4]

8 TeV [5]

8 TeV [6]
8TeV [7)
8TeV [8]
748 TeV (8]
13 TeV (9]
13 TeV [10]
7TeV [11]

7 TeV [12]

7 TeV [13]
8TeV [14]
8TeV [14]
8TeV [14]

8 TeV [15)
748 TeV [14]
13 TeV [16]
13 TeV [17)
13 TeV (18]
13 TeV [19]
13 TeV [20]
13 TeV [21]

165 170

175 180
Myop [GEV]

A.u.

4000

2000

1.05

y
0.95

Data/Post-fit

k mass

Latest CMS arXiv:2302.01967

- U+ jets .

36.3 b7 (13 TeV)
—

L L R LI B B N B S

CMS . pata—Post-it] 68% CL[] 95% CL

¢ .t
JT. * [} + 4. | []..ys
1 I 1 1 1 L l 1 1 T| T| I 1 1 1 |+ I‘ II I\ 1 ||
150 200 250 300 350
m/"[GeV]

33000
<C
2000

1000

1.05

y
0.95

Data/Post-fit

T T

L

LI B

e + jets

36.3 o’ (13 TeV)
L I

[ CMS . pata—Post-itf] 68% CL[] 95% CL|

5-D likelihood = m=171.77 + 0.37 GeV

AR K I
e i
L W !
T. | IR S TTTn T || |T||l+l||ﬂ| 1
150 200 250 300 350
m/"[GeV]
. 11005’_ T T LI T T ATL;S T T T3

Complementary extraction of
pole m, from (differential) oy

Inclusive tt cross-section o(tt) [pb]

E

1000/

9001~

800':3+++++°++§

700}
[ &= CT14 NNLO+NNLL
600

\s=13TeV, 36.1 fb”

bttty

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
1 1 1 1 L 1 |

palia s

u

i el

| 1 1
164 166 168 170 172 174 176 178 180 182

m* [GeV]


http://arxiv.org/abs/2302.01967

om, [GeV ]

previous 2D 2D 5D
Experimental uncertainties
Method calibration 0.05 0.02 0.02
JEC 0.18 032 0.16
— Intercalibration 0.04 0.10 0.04
— MPFInSitu 0.07 0.15 0.07
— Uncorrelated 0.16 0.21 0.10
Jet energy resolution 0.12 0.12 0.05
b tagging 0.03 0.01 0.03
Lepton SFs and mom. scale 0.00 0.03
Pileup 0.05 0.00 0.03
Background 0.02 0.12 0.15
Modeling uncertainties
JEC flavor 0.39 0.30 0.20
b-jet modeling 0.12 015 0.11
PDF 0.02 0.00 0.01
Ren. and fact. scales 0.01 0.03 0.02
ME/PS matching 0.07 0.06 0.07
ISR PS scale 0.07 0.01 0.01
FSR PS scale 0.13 037 0.21
Top quark pt 0.01 0.06 0.00
Underlying event 0.07 0.09 0.04
Early resonance decays 0.07 013 0.09
CR modeling 0.31 0.15 0.15
Statistical 0.08 0.05 0.04
Total 0.63 0.52 0.37

large reductions of JES & JER impacts

top quark mass

L L L B L R

ATLAS Preliminary My, from cross-section measurements

September 2019

NNLO+NNLL: tf inclusive, 7 TeV 2014 171.4£26

NNLO+NNLL: tf inclusive, 8 TeV 2014 1741+ 2.7

NNLO+NNLL: tt inclusive, 7-8 TeV 2014 172,923

NNLO+NNLL: tt inclusive, 13 TeV 2019 173.1:20

NLO: tt+1 jet, 7 TeV 2015 173.772%

NLO: tt leptonic differential, 8 TeV 2017 173.2+1.6

NLO: ti+1 jet, 8 TeV 2019 171.1%2

My, from top quark decay, 2018 ¥ 172.69+0.48

o b e b v e e b e b
140 150 160 170 180 190

mtop [GeV]

(CMS) JHEP 02 (2022) 142 .
simultaneous fit of inclusive jets and differential tt
to extract PDFs, o/ m,:

ag(mz) = 0.1187 £ 0.0016 (fit) == 0.0005 (model) £ 0.0023 (scale) + 0.0018 (param.)

mP°'® = 170.4 + 0.6 (fit) £ 0.1 (model) + 0.1 (scale) % 0.2 (param.) GeV
10



http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-011

do/dp_ [pb/GeV]

_2 « .
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Ratio to post-fit theory

arXiv:2309.12986

Ratio to post-fit theory

04<Jy|<08 |

p, [GeV] :
Experimental uncertainty +0.44 2a<hi<ze | Y 2Bl |
PDF uncertainty +0.51
Scale variation uncertainties +0.42
Matching to fixed order 0 —0.08 -
Non-perturbative model +0.12 —0.20 o " ploe
Flavour model +0.40 —-0.29
QED ISR +0.14
N*LL approximation +0.04 units of 103,
Total +0.91 —0.88

ATLAS

1 pp—Z
3 Vs=8TeV,20.2fb"

] -eData

J e Post-fit

B PDF unc.

3 [ PDF @ Theory unc.
1 --a(m,)+0.002

- C T T B
£ 0.1221- ATLAS pp—2Z 4
cf - Vs=8TeV,202fb"
0.120— |
0.118F + + A
0.116 | ¢ 3
0.114f -
0.1121~ MSHT20 PDF E
0.110F —*-Zp, =
r Scale variations 1
0.108" L L ' .
NLL NNLL NPLL N'LLa
| | T |
ATLAS -®- Hadron Colliders
-@- Category Averages PDG 2022
-@- Lattice Average FLAG 2021
-@- World Average PDG 2022
-8~ ATLAS Zp_8 TeV
ATLAS ATEEC 0.1185+ 0.0021
CMS jets 0.1170+0.0019
H1 jets 0.1147 £0.0025
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W decay measurements
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https://www.nature.com/articles/s41567-021-01236-w

W decay measurements

Luminosity 5 14 5 7
JES/JER 3-17 5-21 4-11 4-21
b tagging <1-19  <1-25 <1-5 <1-17
tW normalization 35 43 27 46 CMS SMP-18-011
WW normalization 8 9 5 9
WWpr 2 12 <as <4 Phys Rev, D 105 (2022) 072008
W+ jets normalization <1-6 <1-7 <1-13 <1-10
7+ jets normalization 1 2 5 4
WZ, ZZ normalization <1 1 <1 <1 Source Impact on R(7/p) |
t g‘g%uscg(i:: - o ’s 45 Prompt djj templates 0.0038
top quark pr 16 24 7 18 N=0 ] N=1|N=2 ‘ N =3 ‘ N 24 Hprompr) and iz, parton shower variations 0.0036
ISR 10 16 37 37 Ne— 0 €Th, UHTh, | €Th, HTh, €Ty, UTh Muon isolation efficiency 0.0033
IESD1; i ‘; z i ° ey ey ey Muon identification and reconstruction 0.0030
as 5 5 3 6 eTh, HTh | €Th, 1T | eTh, 1T H(had.) Normalisation 0.0028
PYTHIA 8 UE tune 1 5 7 7 N1 o T P e oh 17 scale and matching variations 0.0027
hdamp parameter 3 3 2 4 b= i ce rH. e Top pr spectum variation 0.0026
nglc—gasf;gfkground- - \027 520 830 l eh, ph H(had,) Parton shower variations 0.0021
PDF 3 5 2 4 — ‘ - 1}\)/[10nte Carlo statistics 88813
QCD multijet background: ile-up .
Nb 22 eer ’ e
eﬁ 35_’4 111217 6127 6 610 e MH(r—p) and H(had.) d'g shape 0.0017
e _ _ — . o
Jh 10-11 10-13 513 23 ‘ eh, pih Other detector systematic uncertainties 0.0016
eT, <1-5 <1-8 <1-9 <1-7 Z+jet normalisation 0.0009
HTh <i-12  <I1-10 <19 <1-10 Other sources 0.0004
emeasurement:
Reconstruction efficiency 50 13 3 15 B(r - p VTV/‘) 0.0023
Identification efficiency <1-14 1-8 <1-10 <1-5 Total systematic uncertainty 0.0109
Trigger (prefiring) 29 2 ! ? Data statistics 0.0072
Trigger <1-27 <1-4 <1-13 <1-9
Energy scale 7 6 <1 4 ‘ Total ‘ 0.013 ‘
H measurement:
Reconstruction efficiency <1-2 <1-5 <1-6 <1-6
Trigger 8 26 3 7
Energy scale 1 <1 3 2
Th measurement:
Reconstruction efficiency 2-14 7-17 21-46 14-24
Energy scale 9 5 14 6
Jet misidentification 1-14 <1-10 1-24 <1-10 ATLAS Nature Ph VS. 17 ( 2021 ) 813
emisidentification <1 <1 2 1 14

T—euh <1 <1 <1-2 <1-1
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https://arxiv.org/abs/2206.07110
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-053/

i nV| SI b | e Z Wl dth ATLAS-CONF-2023-053

CMS Phys. Lett. B 842 (2023) 137563

Systematic Uncertainty Impact on I'(Z — inv) in [MeV] in [%]

Muon efficiency 7.4 1.5
Source of systematic uncertainty Uncertainty (%) glen(grmah;?t}on & factorisation scales ig 1(2)
. A . T . ectron ermnclency . .
Muon identification efficiency (syst.) 2.1 Detector correction 44 0.9
Jet energy scale 1.8-1.9 QCD multijet 3.2 0.6
Electron identification efficiency (syst.) 1.6 Ep™® 2.4 0.5
Electron identification efficiency (stat.) 1.0 Z(— pp)-tjets mis. id. lepton estimate 1.9 0.4
. Jet energy resolution 1.6 0.3
Pileup 0.9-1.0 W (— fv)+jets normalisatio 1.5 0.3
. L. v)+jets normalisation .0 .
Electron tl‘.lgger efficiency 0.7 Pile-up reweighting 15 0.3
Ty veto efficiency . 0.6-0.7 Non-collision background estimate 1.3 0.3
pT'ss trigger efficiency (jets plus pT'** region) 0.7 Jet energy scale 1.3 0.3
miss trigoer efficiency (Z/v* — uu region 0.6 7 -correction 1.0 0.2
P1 55 y 2/ He .g ) Z(— ee)+jets mis. id. lepton estimate 1.0 0.2
Boson pt dependence of QCD corrections 0.5 Luminosity 10 0.2
Jet energy resolution 0.3-0.5 Parton distribution functions + o, 0.7 0.1
pr*® trigger efficiency (u +jets region) 0.4 [(Z — 00) [5,9] 0.5 0.1
Muon identification efficiency (stat.) 0.3 Tau energy scale 0.4 0.1
. . . Muon momentum scale 0.3 0.1
Electron reconstruction efficiency (syst.) 0.3 W (> £0)-+jets mis. id. lepton estimate 0.3 01
Boson pt dependence of EW corrections 0.3 (Forward) jet vertex tagging 0.2 <01
PDFs 0.2 Top subtraction scheme 0.2 < 0.1
Renormalization/factorization scale 0.2 Electron energy scale 0.1 <0.1
Electron reconstruction efficiency (stat.) 0.2 Systematical 12 2.4
Statistical 2 0.4
Overall 3.2 Total 13 95
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0 02 04 06 08 1 1.2 1.4 16 1.8 2 2%”'2.4 pile‘ [GeV] pZ[GeV] arXiv:2109.08084
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https://arxiv.org/abs/1811.10021
https://arxiv.org/abs/2308.02285
http://arxiv.org/abs/2012.04119
https://arxiv.org/abs/2109.08084

CMS 138 1o (13 TeV)

w M : : Tanas W ke
T pP¥s30Gev, ™ <24 Wy |y = (s =13TeV, 140 fb" W +D*(—(Kn)r) 5
F Pp>35GeV. i <24 (=pe) | - R, =0.971+0.006 (stat.) +0.011 (syst.) —
1%? #T 4“%; - f_ -- Data [l Stat. Unc. Syst. ® Stat. _f
: % : W + C h a 'm F Pred.: aMC@NLO, full CKM, NNLO PDF
09* Data - C :;-: O ABMP16_5 ]
C + il 1 4~ ATLASpdf21_T3 3
r CMPP predictions, NNLO NNPDF3.1: } ] = (] CT18A .
0.8~ ~°Lloacp - — 11 CT18 ]
o Eh?gggo ] - e ¢$  MSHT20 ]
[ ] - % PDF4LHC21_40 3
. E ‘ : - A NNPDF31 ]
81-1;‘1i bt \ % E — A NNPDF31_str 3
S | O . e R I < . - NNPDF40 .
Lol o ; E 0S-SS bkg subctraction = —Y _ PDF Une. =
g - 6 0.'5 "1 1:5 é 2:.5 : 1 1 1 1 I 1 1 1 | 1 1 1 1 | 1 1 IPDIF @ IQCI>DI ®I Olthler ILJr]IC.I :
In'| 0.9 0.95 1 1.05 1.1 1.15 1.2
RC(WJ—F+D1)
W-+c CMS :arXiv:2308.02285 syst related to charm-tagging
W+D ATLAS : Phys. Rev. D 108 (2023) 032012
SL SL SV SV
W—=ev W—uw W=ev W= v
Source Uncertainty [%] | D* channel | D** channel
Isolated lepton identification 1.6 0.9 1.6 0.9 Uncertainty [%] |oe S (W+D*) opp SS(W*+D™) Rz(D*) |ogp SS(W™+D™) ogp SS(W*+D"") RE(D™)
. SV reconstruction 3.0 2.9 0.5 2.3 2.3 0.4
Jet energy scale and resolution 2.0 2.0 1.0 1.0 Jets and EI L o 02 s s 04
Muon in jet identification 3.0 3.0 — — Luminosity 0.8 0.8 0.0 0.8 0.8 0.0
. Muon reconstruction 0.6 0.7 0.3 0.7 0.7 0.3
SV reconstruction — — 3.7 3.7 Electron reconstruction 0.2 02 0.0 02 0.2 0.0
Charm fragmentation and decay 2.6 2.6 2.4 24 Multijet background 02 02 0.1 0.1 0.1 0.1
PDF in MC samples 1.0 1.0 1.0 1.0 Signal modeling 2.1 2.1 0.1 1.2 1.2 0.0
. . Signal branching ratio 1.6 1.6 0.0 1.1 1.1 0.0
Stat. uncert. selection efficiency 0.9 1.2 0.9 0.8 Background modeling 1.1 12 0.3 13 1.3 0.5
Background contributions 0.6 0.9 1.3 1.3 Finite size of MC samples 1.2 12 1.1 14 1.4 1.3
Integrate d luminosity 1.6 1.6 1.6 1.6 Data statistical uncertainty 0.5 0.5 0.7 0.7 0.7 1.0
Total 4.6 46 14 | 37 3.7 1.7
Total 5.2 5.1 54 5.2
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-005/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032012

precision in parton showers : rapidity gap

PS is now the leading systematic uncertainty source for VBF & VBS measurements

CMS

35.9 b (13 TeV)
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VBF Z & W events relatively large productions offer the
opportunity to measure and test rap gap activity
predictions.

Very relevant for VBF Higgs and VBS analyses that
often make (in)direct use of the rap gap signal
properties

can test & show results with several other model
(pythia dipole recail ...)
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precision in parton

_ g HE2(VBEonly) V5=13Tey
< I ]
= e showers
% . — Herwig Dipole =
- S el N o : .
= [ B st | focus on the individual hadrons for precise observations
N B — Sherpa CSS 3
b L — Sherpa Dire 7;
o[ o il Future developments ?
R T Retuning with more information (particle id)
g IE . . . .
2 (1 ﬁﬂﬁ Higher-order precision in PSs
. i -LE . . .
R | Uz L VW e ane] }T: How reliable is LEP Z—qq data for fragmentation ?
e e
3 °7E
gg E_1 | 1 1 J 1 1 | | I | | | | | | 1 1 I | 1 -ILL—E
(0] 0.5 1 155 2 2.5
logyo(d23/ GeV)
_ Jets are here
( experimentally )

Charged hadrons are here
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https://arxiv.org/abs/2105.11399

guark and gluon jets

26" (13 TeV) i i i - i i
$ Fo o pptentlally mtere-stlng phenorpenology of q/g-jets fractions in
S F praiminary ’ different (pT,y) kinematic regions to be explored
% C + Data lquark
@ 1000—

o F Bgtuon [ Jundefined

800— 80 GeV <p, <100 Ge

B n/ <20 + ) /Z/W:i;
600/ — ’)’/Z/W fy
400
Y
200
000000 A—P—

= A S S
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2 Interplay of gluon-jet fractions in pp—> dijet and V+jet would

QuaricGluon Likefhood have important impact on Gluon PDF determinations

CMS JME-13-002 JME-16-003

possible measurements and procedures to be defined with theorists

(Predictions/results depend on jet clustering radius)
ATLAS ATL-PHYS-PUB-2017-017

Eur. Phys. J. C (2014) 74:
arXiv:2308.00716
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-017/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2013-02/
https://arxiv.org/abs/2308.00716
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsJME13002
http://cds.cern.ch/record/2256875?ln=en

guark and gluon jets

What is a Quark Jet?

) ) . Les Houches 2015
From lunch/dinner discussions

arXiv:1605.04692

lll-Defined What people A quark parton

sometimes
think we mean A Born-level quark parton
4 The initiating quark parton in a final state shower
Quark
as noun An eikonal line with baryon number 1/3
and carrying triplet color charge
A quark operator appearing in a hard matrix element
in the context of a factorization theorem
A parton-level jet object that has been quark-tagged
using a soft-safe flavored jet algorithm (automatically
collinear safe if you sum constituent flavors)
Quark
as adjective A phase space region (as defined by an unambiguous
hadronic fiducial cross section measurement) that yields
v an enriched sample of quarks (as interpreted by some
Well-Defined  What we mean suitable, though fundamentally ambiguous, criterion)

for signal/background separation
VBF/VBS tagging & W/Z—qq

35.9 fo'' (13 TeV)
T T T T T T

I T T T T T T T T T | ‘
-~ CMS Dielectron —
C —+-Data =
L mw
r I Top quark
- Z +jets —
WEwWZj i
— EW Zjj
L MC stat. unc. _|

£ l T T T I T T
oF 'uF. Mo scale up/down

L L L UL

“Y-2F'T JES up/down
E I

| PRI RN N B! |

Data / MC - 1

0 0.2 0.4

0.6 lllo.a' 7
pT—subIeadlng jet QGL

Eur. Phys. J. C 78 (2018) 589
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https://arxiv.org/abs/1605.04692
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-16-018/

Uncertainty [%]

Multibosons

differential 4-leptons

- T T T T 1 T | T T T T T T T | —
:ATLAS = Total —+—Data Stat. Background 1
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1= Jith *ﬂ i —
: i E
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CMS-PAS-SMP-19-007 : 41/2l ratios exploited to cancel
exp syst in the Z peak region : improved B(Z—47¢)
B(Z>40=4.67 + 0.11 (stat) £0.10 (sys) ) x 10°°

Region
Full Z — 4¢ H — 4¢ Off-shell ZZ On-shell ZZ
Measured 88.9 22.1 4.76 12.4 493

fiducial +1.1 (stat.) 0.7 (stat.)  +0.29 (stat.)  +0.5 (stat.) +0.8 (stat.)
cross-section +2.3 (syst.) 1.1 (syst.) +0.18 (syst.) 0.6 (syst.)  +0.8 (syst.)
[fb] +1.5 (lumi.) =+0.4 (lumi.) +0.08 (lumi.) +0.2 (lumi.) =+0.8 (lumi.)
+3.0 (total) 1.3 (total) +0.35 (total) +0.8 (total) 1.3 (total)

SHERPA 86+5 23.6x1.5 4.57+0.21 11.5+0.7 46.0+£2.9

PowHEG + PYTHIAS 83+5 21.2+1.3 4.38+0.20 10.7+0.7 46.4+3.0

uncertainties on total cross section

Uncertainty Range of values
ATLAS Lepton efficiency 2-5%

Trigger efficiency 1-2%

Background 0.6-1.3%

Pileup 1%

UR, HF 1%

CMS PDF 1%
NNLO/NLO corrections 1%

2.5% (2016), 2.3% (2017),
2.5% (2018)

Integrated luminosity

EPIC81 (2021) 200
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-30/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-19-007/index.html
http://dx.doi.org/10.1140/epjc/s10052-020-08817-8
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055k e} i et 3 Source Combined eee eey upe uup
0002 0.04 0,06 008 0.1 005 01 045 02 025 01 015 02 025 03 Electron efficiency 0.6 32 18 09 — 3 TN
foo for fT0 Muon efficiency 1.2 — 05 10 15 B . B R R CR va;xs[ o
Electron energy scale 0.1 03 01 01 00 A LTev
. . . -1
ATLAS WZ polarization arXiv:2211.09435 Muon energy scale 0.1 0.0 00 01 01 e T e T
Trigger efficiency 0.7 07 08 07 07 8 L B Se gt F BestF E
P ; ; 7 Jet energy scale 0.9 08 07 10 09 Sl § 3
% or To JIT b tagging 1.6 1.8 17 18 16 : ]
Relative uncertainty [%] Pileup 0.9 1.0 12 08 07 T I
e energy scale and id. efficiency  0.34 0.6 0.8 0.31 ISR 0.2 02 02 02 02 T E
jv energy scale and id. efficiency 0.8 0.23 0.23 0.13 Nonprompt normalization 0.6 0.7 08 0.6 0.7 2F E
ET™ and jets 3.3 1.3 12 04 Nonprompt shape 1.0 12 1.0 09 09 ,521____._;0 EEY ;
Pile-up 0.6 017 04 0.15 VVV normalization 0.5 06 05 05 05
Misidentified lepton background 2.3 1.6 0.8 0.26 VH normalization 0.2 01 02 02 0.2 cMS 137 10" (13 TeV)
Z Z background 0.9 0.17 0.32 0.07 C . ' ' ’ ) ’ — e ‘ v P
WZ EWK normalization 0.2 02 02 02 0.2 J13 ¢ Expected, 68% CL == Observed, 95% CL |
Other backgrounds 3.0 1.6 1.3 0.4 . 5 20 —— Expected, 95% CL ¢ BestFit
— . 77 normalization 0.3 03 03 03 03 % ol Exeected. 99%CL E
PaCr]tDon Dllstrlbutlon Function 8{{9 é1;.8 889 (2)8 #Z normalization 0.3 04 04 04 03 b
1(310 defhcj ¢ o | 59 19 tZq normalization 0.4 04 04 04 04 b
s ' ' i - X normalization 0.2 05 01 05 01 ok
Total systematic uncertainty 14 15 8 4 Total systematic uncertainties 2.8 43 37 30 30 3
ISJErfﬁl'l:(.)s.liy - lg .35 18 .24 lg 15 385 Integrated luminosity 2.1 22 22 21 2.1 o0l
Aarisiea’ whcertalty : Statistical uncertainty 1.5 50 34 25 20 *
Total 19 18 14 5 PDF+scale 0.9 09 09 09 09

rich variety of relevant syst impacts precision EFT,;


https://arxiv.org/abs/2211.09435
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-014/index.html

Summary

e Systematic uncertainties are dominating LHC precision measurements

* Results have surprisingly surpassed expectations in many directions
implementing new ideas, analysis methodologies and event
reconstruction

* improved S/B benefits on both stat and syst impacts

 Correlations of syst uncertainties need to be treated with care

* Choices for theory modeling and their uncertainties play a crucial role
in many precision results

* Keep on being creative and use new ideas to get the best from the
Run3 and HL statistics




