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OUTLINE

- Exploring processes spanning a production rate of 9 orders of magnitude
* Precision measurements test higher order QCD calculations and constrain PDFs

» Search for effects of new physics, using the EFT formalism

: . Overview of CMS cross section results
Standard Model Production Cross Section Measurements Status: July 2021 18 pb-1 - 138 -1 (7,8,13 Tew)
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/ + HIGH Py JETS

* 13 TeV full run Il data with 139/fb. Combines ee & pu channels

o Inclusive : Jet pT > 100 GeV & |y|<2.5
("Collinear” & “back-to-back”): Jet p
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» Agrees best with Sherpa 2.2.11
» Overestimation from Sherpa

2.2.1 and MG5 _aMC
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Z/W + JETS mReE CATLAS

EXPERIMENT
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* Very wide portfolio of ATLAS data from different years,
and across the whole spectrum of QCD processes

» W/Z data allow to remove constraints on xii,
xd, x5 and confirm unsuppressed strangeness
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DIFFERENTIAL Z/GAMMA JETS E—

* Run Il 13 TeV data with 35.9/fb.
 First measurement of the differential cross section ratio of Z/gamma at 13 TeV.
» Z/gamma is sensitive to higher order EW corrections at high pT.
* First explicit study of the collinear emission of Z boson at the LHC.
* The measurement requires leading jet pT>100 GeV and photon pT>200 GeV, testing bosons pT up to 1.5 TeV
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DI-PHOTON (y7) PRODUCTION

* Full Run Il 13 TeV data with 36/fb.
- Photon p;> 40, 30 GeV & |n[<2.37 & AR,> 0.4

* Main challenge and uncertainty from non-prompt

photons; estimated with data-driven methods

lIIIIIIIIIIIlIIII T T IIIIIIIIIlIIIl il 11 T
ATLAS ~-data
s =13 TeV, 139 fo! LIsyst
B stat

Sherpa MEPS@NLO ——
NNLOJET NNLO -
NNLOJET NLO -
NNLOJET LO
Diphox NLO —o—
ol b b b b b b e g 1

0 10 20 30 40

Integrated fiducial cross section [pb]

 Differential distributions in agreement with Sherpa MEPS
and Fixed Order NNLO

&

07.03.22

Fiducial cross section [pb] o0, +unc.
SHErPA MEPS @NLO 330 il
N~Loser NNLO 29.7 i

NLO 19.6 “:11-_2

. 53 13
DrpHox NLO 20.8 t32..%
Data 31.4 2.4

do/dmyy [pb GeV]

Theory/Data

Theory/Data

SIGI s  phabab
(@} \VlF o) Ne ol \O ¥ - o))
L0 LIS L ILLH AL IS L L I A 1 O B o

— —h —r —
s § 3§ 3
-L w N — sk

— d —h
ONPLOO—=-NPLO®
TTTITTT TTIT] TTTTT0 I T TTTI

OO OO

= I T T T T |
- ATLAS /s=13TeV, 139 fb

EXPERIMENT
| | | ] = = T T T T T T T 1 T T 3
| C - — ]
Data —— - % - ATLAS Vvs=13TeV, 139 fb Data ——
DIPHOX 3 O 1E DIPHOX E
NNLOJET —— ] & NNLOJET ——
SHERPA —— . g SHERPA ——— 1
& 1071

=

o

©

—_
v
)]

—_
9
W

200

| I I | 1 I LI ]
= ATLAS  /s=13TeV, 139 fb™"

I

100

Yacine Haddad (yhaddad@cern.ch)

200

1.6 E
o 1.4;
s T
S 08
2 0.6
— 04
0.2
300 400 500 0 E 1 1
Pry, [GeV] 50 100 200 300
I ' ' ' I__ : E | T || T l] T T T ] l] T T T IE
Data —+— : % - ATLAS /s=13TeV, 139 fb™ Data —— |
DIPHOX 1 6 1 DIPHOX =
NSNLOJET — 4 8 NNLOJET —— -
HERPA —— 3 S
- 5;-;10_1 i SHERPA :
R
o
© 102 £ E
103 E =
10%E % 2w o s w0 1 E
16—'5 R i e S SR = =1
s 14F =
e AL T
£ 08 E
2 06 3
~ 0.4 : 3
IS(I)OI : I1IOIOE) 0% | [ I ] ] ] L ¢ 455 | ] ] ] l—;
GeV 4 10 50 100 500
My [GeV] Py [GeV]
9


mailto:yhaddad@cern.ch
https://link.springer.com/article/10.1007/JHEP11(2021)169




EVENT SHAPE

* Full Run Il 13 TeV data 139/fb ATLAS
* Measurements in various event-shape variables:
* i.e, transverse thrust (z;), Sphericity (S), Aplanarity (A) ... B
" Done in bins of Nis & in different ranges of Hy, = Z | pr] ' |
leading 2j ’

* Measurements compared to MC with LO & NLO ME matched to PS at LL accuracy
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INCLUSIVE & MULTI-

- 5 TeV data with 27.4/pb and 13 TeV data
with 33.5/fb

* Anti-kt jets with R=0.4/0.7 @ 5 & 13TeV
* Measurements done for inclusive jet
production and differential cross-section
unfolded to particle-level jets with |y|<2
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* Results compared to NLO

and NNLO QCD predictions
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INCLUSIVE & MULTI-JET PRODUCTION FFrimssi o

>
L=\
L —

.CMS Preliminary 36.3fb' (13 TeV
E — T TN |

10 —
N >2 3

@ 1 3 Tev data With 3605/fb E 103 - Njet 22 jet -
S :
e o ° o 2
« Multi-jet events with p,(jet)>200, 100, 50 GeV and |y|<2.5 = 10 E
S 10 -
o ° ° ° b - -
- Differential measurements in N, p7(j)), A, , ° i
10”
» Data compared to 05 s pam S
. 4 5[ 4 Pythia8 x0.89 taint ~IE
» LO predictions 107 F 7 Hiorwiges x1.63 Csyst. + stat. -
. ) ) . . 107* = —+MadGraph+Py8 x1.25 —+stat. unc.
* NLO dijet predictions of MG5_aMC+Py8 (jj) & MG5_aMC+CA3 (jj) s & ] —— ;
. . e 8 1.5F
* NLO three-jet prediction of MG5_aMC+CA3 (jjj) § 1E
» All Normalised to measured inclusive dijet cross-section o i i I
P.. [GeV] P, [GeV]
CMS Preliminary 200 GeV <p,, <400 GeV 36.3fb' (13 TeV) CMS Preliminary 200 GeV <p,, <400 GeV 36.3 fb™' (13 TeV)
g 106&_ | | | | | | | | | | | | | | | | | | _g o) 106% | | | | | | | | | | | | | | | | | | _4
- 0°<A g, ,<150° 150°< A ¢, ,<170° 170°<A ¢, ,<180° ; S UE 0°<A g, ,<150° 150°< A ¢, ,<170° 170°< A0, ,<180° ;
2 10°F Py, > 100 GeV 1 2 10F Py, > 100 GeV E
'8 104- E- '8 -|04_E p_rpin> 50 GeV E-
; ] : —— ly. |< 25 = :
103 E- 103 —_— . jet . == E_
102: -¢- Data s : 102: — o—F = -¢- Data —— :
10k uncertainties —+ Pythia8 x0.89 % 10 uncertainties — MG5_atMC+Py8(jj) x0.97 Q
E [Jsyst. + stat. —+ Herwig++ x1.63 3 - i [Jsyst. + stat. — MG5_atMC+CA3(jj) x1.23 3
1E —+ stat. unc. —+ MadGraph+Py8 x1.25 - 1E —+ stat. unc. — MG5_atMC+CA3(jjj) x1.23 -
S | | | | [ | | | | | F | | | | | S E | | | | | i | | | | i | | | | | 3
8 15 I I | I — | I I | | | I I | | I 8 15 1 | I I | | I | I I I I | I | I | I -
S 1 7 R m———" — a P — T ]
- i T — T — 1 i
(S) 1—:,5—‘ ® ® ¢ : ——eo— o ° * ¢ * ° ——— ¢ + CED 1 ———o —o P i ° ¢ Egg—&_' —e ¢ ———— ’_==|_’__+_
0.5 | | | | | L 1 | | | | |£| | | | | L 0.5 4 | |?|;||—"—| | | | — T 1 T | | | | | =

- Better agreement at lower jet multiplicities, but
prediction for high jet multiplicities disagree with data
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INCLUSIVE & MULTI-JET PRODUCTION P o

« 13 TeV data with 36/fb.

» CMS jet and top cross sections + HERA DIS measurements

- Determine: PDFs, Mo limits on Wilson coefficients for

quark Contact-Interactions (Cl)
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* Considerable improvement on gluon PDFs knowledge

 Results of profiling and full fit show agreement between the
measurements and the SM prediction

Yacine Haddad (yhaddad@cern.ch)


mailto:yhaddad@cern.ch
https://link.springer.com/article/10.1007/JHEP02(2022)142

B FRAGMENTATION

 Full runll 13 TeV data with139/fb

Entries / 0.0175 GeV

(Data - Fit) / Error

&

 Fitin My in every z, pl’el and pJT' bin using MC templates

- Differential cross sections in z and pi®
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* Pythia fragmentation models tend to give a decent

 HERWIG 7 (dipole shower) is off in different regions.

description of the data.
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JET SUBSTRUCTURE MEASUREMENTS Fe=amm=E

> =

* 13 TeV data with 35.9/fb
» Useful tool for distinguishing between quark/gluon jets and evaluating MC simulations

Lo ) Z Z;

° Regions: dijet (gluon-jet-enriched) vs Z+jets (quark-jet-enriched) T €jet
* Observable: generalised angularities = weighted sums of jet constituents by 1T €6 O
momentum fractions z and angular distance AR to jet axis Multiplicity

AR T

» Jet substructure predictions from MC generators at NLO are compared to measurements

: IR- & collinear-safe observables :: Not IR- & collinear—s.afe_1 '
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- MC generators systematically overestimate ratio of /lg in g-/g-jet samples

* Improved modelling needed to fully describe jet substructure
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CONCLUSION

* Showed recent SM results from ATLAS and CMS
* Investigating V+jet and QCD processes

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

* Test higher order QCD calculations and constrain PDFs Search for effects of new
physics, using the EFT formalism

* Test higher order QCD calculations and constrain PDFs
» Search for effects of new physics, using the EFT formalism

* Run 3 (starting soon) will double the data sample
* Important for reducing systematic uncertainties (theoretical & experimental)

* Precision measurements can lead to (indirect) discoveries
* New physics may hide behind error bars
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