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Introduction

Numerous “Standard Model measurements” performed by ATLAS and CMS

Good agreement for many processes, over 15 orders of magnitude

Standard Model Production Cross Section Measurements Status: February 2022
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Testing the Standard Model (with PDF's being one of the key inputs) through rare processes and
differential/precision measurements
possible due to excellent reconstruction and calibration performance results
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y7ul % cellent Reconstruction and Calibration Performance

Data-driven calibration of small-R jets ~(sub-)percent precision — Jet cross-sections

2018, 59.7 fb™ (13 TeV)
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Data-driven calibration of muon efficiency ~per-mil precision — W+Charm and p.(Z) cross-sections
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CMS Jet Cross-Sections

arXiv:2111.10431

CMS 33.5 fb" (13 TeV)
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Addendum: JHEP02(2022)142
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Measured unfolded differential cross-sections of inclusive jet production:
p,. lyl, for anti-k._ jets of radius R=0.4 and R=0.7

— Good sensitivity to PDFs
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-011/index.html
https://arxiv.org/abs/2111.10431
https://link.springer.com/article/10.1007/JHEP12(2022)035

CMS Jet Cross-Sections Addengum: JHEP02(2020)142

— Simultaneous evaluation of Og and PDFs

HERA+CMS
Data sets Partial x?/Ng,

HERA I+II neutral current e*p, E, =920 GeV 376/332
HERA I+II neutral current e*p, E, =820 GeV 60/63

HERA I+II neutral current  e*p, E, = 575 GeV 202/234
HERA I+II neutral current  e*p, E, =460 GeV 209/187
HERA I+II neutral current e~ p, E, = 920 GeV 227/159

HERA I+II charged current e™p, E, =920 GeV 46/39

HERA I+II charged current e~p, E, = 920 GeV 56/42

CMS inclusive jets 13TeV 0.0 < |y| < 0.5 8.6/22 — Good description of the data by fit result
0.5 < |y| < 1.0 23/21
1.0< |y <15 13/19
1.5 < |yl < 2.0 14/16

Correlated x? 81

Global x2/Ng.¢ 1302/1118

OLD (NNLO k-Factors): o (m,) = 0.1170 + 0.0014 (fit) + 0.0007 (model)|+ 0.0008 (scale)|+ 0.0001 (param.)
NEW (NNLO Grids): o (m,) = 0.1166 + 0.0014(fit) + 0.0007(model)|+ 0.0004(scale)|+ 0.0001(param.)
— Improved precision
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CMS Jet Cross-Sections

arXiv:2111.10431
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— Precision of PDFs improved, especially for the high-x gluon PDF
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CMS Jet Cross-Sections
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CMS Jet Cross-Sections

arXiv:2111.10431
Addendum: JHEP02(2022)142
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Inclusive Photon Production a1X1v:2302.00510

Measured unfolded differential cross-sections of inclusive photon production:
E_Y, 0, isolation cone radius (R)

‘ Requirement H Phase-space region |
E} E} > 250 GeV
Isolation El® <42.1073 - EY +4.8 GeV
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— Data-driven estimate of QCD background
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Inclusive Photon Production a1X1v:2302.00510
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— Measurement precise enough to distinguish between state-of-the-art predictions
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Inclusive Photon Production a1X1v:2302.00510
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— Fine granularity in )" enhances sensitivity to PDFs

— No PDF dependence for Xsec ratio as a function of isolation cone radius (R) ;
Reduced uncertainties provide stringent test of pQCD
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? TL W _|_ Charm arXiv:2302.00336

Considered decay modes ( + charge conjugates ) s c s W
D" > K a'n"

« D" - Dz — (K n"nt : ‘

— W "D signal extracted through profile likelihood fit
 D": reconstructed secondary-vertex mass distribution

« D**: mass difference m(D**—D°)

(also unfolds for detector effects)

— Main backgrounds: single-W w/o D™; tf; Multijet (data-driven)
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W + Charm arXiv:2302.00336
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— Fiducial cross-sections: experimental precision (syst.-dominated)
comparable to the PDF uncertainties (smaller than the total NLO
theory uncertainty); Data-theory agreement for all PDFs

Tlllllll\
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— Rci : comparable statistical and systematic uncertainties; PDFs
imposing symmetric strange-sea (s ='s) have smaller uncertainties
and are consistent with the measurement: s - s asymmetry small in
the probed Bjorken-x region
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W + Charm arXiv:2302.00336
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— Measured differential p.. (backup) and |p(1)| distributions;
In(1)| : good sensitivity to PDF variations (small experimental systematic uncertainties and highly correlated
among bins)
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W + Charm

— Charm jets tagged by the presence of a muon or a
secondary vertex inside the jet
— Measurement unfolded to particle and parton levels

CMS Preliminary 138 fb" (13 TeV)

. Parton level i
- pSt>30 GeV, T <24 W | v
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— Good sensitivity to PDF variations

See next talk by Stefanos Leontsinis
LHCP 2023

CMS-PAS-21-005

CMS Preliminary 138 b (13 TeV)
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— Negligible theoretical uncertainties

— Sensitive to o (most precise experimental determination) and PDFs

See talks by Fabrice Balli and Xingguo Li
LHCP 2023
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— Cross-section ratio (taking into account the correlations) allows to reduce systematic uncertainties

—

Sensitive to PDFs
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Summary and conclusions

The large luminosity collected by ATLAS & CMS at the LHC allows to perform precision
measurements enabling the evaluation of a, and constraining the proton PDF's
testing fundamental aspects of the Standard Model and studying its EFT-based extensions

More results and further details on this amazing program in plenary / parallel session talks

Thank you for listening !!!
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— Sherpa systematically above measured for Xsec ratio as a function of isolation cone radius (R)
— Good description by (N)NLO pQCD

LHCP 2023 B. Malaescu — Exp. Results — PDFs


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-39/
https://arxiv.org/abs/2302.00510

ATLAS W 1+ Charm arXiv:2302.00336

8 EE s ow SlSews EGES B e o Sihow EBE B e o = lhow  EBES
= C - 3 yst. @ Stat. = 5] — C =1 3 yst. at. = i = C - 3 yS al (] ]
W 25:—5— +[1>SEI>T<\7/:%;4O o é]’r%/é\Spdfm T3 EﬁTS}_z‘sTAz o 3 o 25;5403&&;;? o é%g\Spdm TS CTIA = 40—_5453&2{{,&?‘? fo £ ATLASpdi21_T3 (5 CTIBA ©
2 [ Pred.. aMC@NLO g PDF4LHC21_40 fl NNPDF31 2 [ Pred.. aMC@NLO 5 PDFALHC21_40 [ NNPDF31 J = [ Pred.. aMC@NLO g5 PDFALHC21_40 [ NNPDF31 ]
£ 205 Ful CKM, NNLO PDF i NNPDF3T_sir i NNPDF40 £ 20F Full CKM, NNLO PDF = NNPDF3T_str i NNPDF40 5 £ Full CKM, NNLO PDF B NNPDFST st NNPDF40
- = ' ] - F ’EH’#EHH@'L B £ 30 —
15 H : = 15§HBHHHQ||.I 'BBE*HH'B‘BIL 4 E ]
10 7 LU 3 201 EH HEHH' .g,@@q@.g.gfl. E
E i R Se— Eo i eogogewel E Ty
% 5 i s 3 > e s s s ] 10 =
o - | | T N ; T = F | : ]
S 03 . o s S R 3 T 0Spaiu 1 | E
B o02f E - 3 : ‘ L4 T o4f ; —— 3
o 0.1E R 3 —lo s 3 o 03F | :
o ] o % ] SR : :
>S4 n&l ; ; : : 1
g §1.o51_1EH Bl Eagi : ' , ]
%} e
e !
= |©0.95¢ : : : :
; | i . o : : U © 0.9F ; : ; il
910 20 30 40 50 60 100 910 20 30 40 50 60 100 0 0.5 1 1.5 2 25
p? [GeV] p? [GeV] 0]
g S0 tias — Data ' Stat. Unc. 3 g S0 tias — Data ' Stat. Unc. g 50; ATLAS ' " Data ' m Stat. Unc.”
= F {s=13TeV, 140 fo’ Syst. @ Stat. EABMP16 57 = Vs =13 TeV, 140 fo! Syst. @ Stat. EABMP16 5, = [ Vs=13TeV, 140 fb Syst. @ Stat. e ABMP16_57]
Q- 25k EEIATLASPAI21_T3 (2 CTIBA Q- 25F e p- £ ATLASpdi21_T3 [ CTIBA = = E wop~ CE1ATLASpdf21_T3 [=1CT18A 1
9 E W+D(-Kmn) CICTi8 EEIMSHT20 3 qQ W'+D* (—(Kmm) C=ICTi8 CoIMSHT20 ] S 40F WD (& (Kmr) Ce1CT18 £ MSHT20
3 20F Pred.. aC@NLO g PDFALHC21_40 [ NNPDF31 J 3 Pred.. aVC@NLO g PDF4LHC21_40 Fa NNPDF31 J £ [ Pred.. aMC@NLO 5 PDFALHC21_40 ) NNPDF31
S O Full CKM NNLO PDF -NNPDF31 str g NNPDF40 S 20F Full CKM, NNLO PDF s NNPDF31_str -NNPDF4O ] e} F Full CKM, NNLO PDF -NNPDF31 str -NNPDF4O ]
- E i ; 3 - i 1 g 30 i -
15 : 4 : : — 15 'BH@EBHWW 3 — L ]
10 | i P 10E P =
5F o o — 5 T'MW - EHE-EEEQT.;
E 1 ! ] Lorporouss] E : So—— ]
9 E i ' ! : E E ! ' E = E
2 0.3¢ SR SO | E = — e | 3 E E
== ) H { = E H i ¢ 3 ke 1
3 02 : i | E : § E B E
—lo 01;7 ] ,; asasess o] —; jljb —
E ; 1 L ; = H Lotue ; 5 - M LIS
% [ i 3 ] = 11
4 >S4 nel 1
s §1 .051_
28 :
£l50.95 :
L 0.9 i
0 1.5



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-22/
https://arxiv.org/abs/2302.00336

ATLAS-CONF-2023-013

ATLAS pT(Z) Cross—Section and (IS ATLAS-CONF-2023-015

04<Jy|<0.8

04<lyl<08 ATLAS Preliminary

ATLAS Preliminary

_‘
S
=
S
-
S
e
S

pp—>Z
8 TeV, 20.2 fb'!

Uncertainties on 42
de

pp—>Z
8 TeV, 20.2 fb'

inti 1do
Uncertainties on 5 de

2

_A
3
4
3
S
3
&
=
o
&

Relative uncertainty
g

S
i

Relative uncertainty
3

_.
S
1

Relative uncertainty
5}
o

elative uncertainty
g

T 10

3

S

—e— Total
—=— Data stat
MC stat
—— Central electron
—— Muon

—e— Total
—=— Data stat
MC stat
—— Central electron
—— Muon

—— Forward electron
+— Background
—— PDFs

—— Forward electron 1072
«— Background
—— PDFs 1078

3
LB L IR L UL BRI L LR B | IIlIllqulllllq LRLAL L BRRALL BRELLLL BRRLLL BRRLLL BRRLL
?:' [
Tl v ol vvood wvvd s oo voued vod ol oo ol ol ol ol
%

I LUREALUL IR e R L B R B L SR L B AL IR L EL
g
~
I LUBREALUL SR L R L B SRR B L SRR L B AL BB BALLL IR
d Tl v od vl vl vy Dol vvood vl vvod vvvd Bl vvvd e 3ol b vl 3

d Tul
e

i Tl
9

24<ly|<28 2.8

d

-

S
=

d

d
—
i

828 <Ivl <36 24<|y< A 2.8 <|y|<3.6
E 10F : ; E 107 E

1 10 10° 10° 1 10 10° 10° 1 10 10° 10° 1 10 10° 10°
p, [GeV] p, [GeV] P, [GeV] p, [GeV]

Exp. Results — PDF


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-015/
https://cds.cern.ch/record/2854867
https://cds.cern.ch/record/2855244

p(Z) Cross-Section and o, A CONE sar 0TS

; T T LU I]ll R 'I T L III] T ‘ |}'I|'<‘0|4'zx100) T
e 102 ATLAS Preliminary B 04 =iyl <060
o) A 08<|y|<12(x10?)
a 10 ® ¢ o4, v 12<lyl<16x109
o 1 ++*‘I. O 1.6<ly|<2.0(x10%
T 1o a e O 20<ly|<2.4(x10% ot ut
o) » s A A, 0' A 24<ly<2.8(x10%) !
T 10 v v JHFv‘MI' o O 28<ly<36(x107)
-3 E 3 B stat. © syst.
10 ) S=Stouge w** - = 80
107 B—H-gq ¥¥*_‘_ 4] ~ pp > Z, 8TeV
107 A ¥ * s
" A Bap Po_-v . S gl
10 o N 5 © % o L
107 0000 - = -6 N 8 B
-8 m“ s — w é _8 B
10 00 v L
pp > Z O B
1019 8TeV, 20.2 b _ -
1 0—11 1 1 1 L1111 | 1 1 1 L1111 | 1 1 1 L1111 | 1 1
10 102 10°
p_ [GeV] o
£
i

— Double-differential measurement sensitive to o, (most precise experimental determination)
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