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Precision QCD at the LHC

» LHC dataset enables precise tests of QCD
> Tests of perturbative QCD predictions, especially at high scales
> Extracting the strong coupling constant and its running
> Studying non-perturbative parton showers and hadronization

> Huge dataset and precise object reconstruction enable increased
precision and more granular measurements

> Focusing on 3 measurements today
» Measurement of isolated diphoton cross-section
> Extraction of as using transverse energy-energy correlations (TEECS)
» Measurement of b-quark fragmentation in jets
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Measurement of diphoton production
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Measurement of diphoton production

> Very small azimuthal decorrelation
means very collinear — large impact
from soft emissions
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Transverse energy-energy correlations
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Transverse energy-energy correlations

> Used NLO predictions to extract as and its

running

> Able to probe as to high Q (up to 4 TeV)
» Scale uncertainties are dominant

> Systematic uncertainties (JES and modeling)

are next-most important

@ - A ATLASR.
0 B ATLAS e TEEC 13 TeV ¢ %ﬁ:gﬁmé‘& i
0.14r Preliminary  © IEEG8TeY  + Lnmis ]
- N + TEEC7TeV o CMSR;, -
D\ arXiv:1508.01579 arxiv:1304.7498 ~ —
12— | 7 4% v CMS incl. jet v CMS it —]
- O] .'.\.i T arXiv:1609.05331 arXivi1904.05237  —
- NN o D@ incl. jet s DIR,; .
— T N arXiv:0911.2710 arXiv:1207.4957 -
OJF— .\;gmwkl ]
: 1'2? e WA :
i FTN -
0.08— 1 ]
: Ocs(mz) =0.1181+0.0011 (PDG 2018) % :
0.06— — ay(m)=0.1196 j‘g;"gj (TEEC global fit) —
- | | L

10°

as(mz) = 0.1196 -

10°

- 0.0001 (stat.)

- 0.0004 (syst.)™

0.0071
0.0104

8

ATLAS-CONF-2020-025

> 1.2
> 1000 GeV
8 1.1 Firz
- M ppy b
T et AN N I T N N T N N N P N R AR A A
©
S 09
S 08 o(m,) = 0.1208 + 0.0007 (exp.)
r -OI.8 A A A -Ol-6 A A .-01.4 A A .-01.2 A A A 6 A A A 012 A A A 0:4 A A 016 A A A 0j8 A A
cos ¢

1.2 x
- 1000 GeV < H,, < 1200 GeV £ 1200 GeV < H,, < 1400 GeV
S
£ 09 =
O gb 0(m,)=0.1206+0.0006 (exp.) E og(m)=0.1191%0.0007 (exp.)

1.2 =+
2 1400 GeV < H,, < 1600 GeV + 1600 GeV < H,, < 1800 GeV
g 11
-
o
m .
0 8 m_) = 0.1195 + 0.0007 (exp.) £ og(m,)=0.1186 + 0.0009 (exp.)

1.2 =+
- . 1800 GeV < H,, < 2000 GeV + 2000 GeV < H,, <2300 GeV
Q) .
N -
= \}s\*&\pﬂ&\\}.\\\k&\\*\\}\}\}s
£ 09 -
0 g m) = 0.1183 + 0.0011 (exp.) F oy(m)=0.1192+0.0011 (exp.)

1.2 =
2 . 2300 GeV < H;, < 2600 GeV + 2600 GeV < H,, <3000 GeV
@ . C .
— U‘l / |:
£ 09 =+
o 08 o (m ) =0.1185 + 0.0013 (exp.) =3 ocs(mz) =0.1179 £ 0.0015 (exp.)

Data / Theory

1.2

hy 3000 GeV < H;, <3500 GeV
0.9

0.8 a(m) 0.1194 + 0.0015 (exp.)

¥ Hp,>3500 GeV

NMlnmy nnnnneae, AN Znna

{

(xs(mz) =0.1167 £ 0.0017 (exp.)

08 06 04 02 O 02 04 06 08
cos 0

08 06 04 02 0 02 04 06 08
cos o

(scale) +£ 0.0011 (PDF) + 0.0002 (NP)

ATLAS Preliminary
Particle-level TEEC
Vs=13 TeV; 139 fb™

NLO pQCD

MMHT 2014 (NNLO)

— EXxp. unc.

k\

Non-scale unc.

Theo. unc.

nl <2.4
pT > 60 GeV
anti-k, R =0.4


https://cds.cern.ch/record/2725553/

>

Exclusive B fragmentation
Measuring b-fragmentation within jets using
B— J/ K+~

B-fragmentation important for Higgs
measurements, top mass measurements, and more

Measuring longitudinal and transverse profiles of B-
mesons over the iet momentum
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Z: o pT —
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B-meson yield is extracted for each bin of the Z
measurement using a template fit 8
Sensitive to fragmentation functions and g—bb ;
splitting
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B fragmentation

2108.11650

» /Z-distribution from hard scattering and gluon

splitting are very distinct

> Herwig/ angle-ordered shower very similar to

both Sherpa predictions

> Both Sherpa predictions are similar, except at

very high z

> Little impact from hadronization

> Herwig/ dipole significantlyz

overestimates g — bb

> Pythia Monash has a
higher as than Pythia A14,

SO more g — bb splitting
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Summary
> LHC provides a rich playground for studying QCD

> Able to study to high scales not tested by other experiments
> Large dataset enables precise measurements
> Advances in theoretical predictions enable studying a wide range of effects

> Measurement of diphotons provides strong tests of higher-order QCD
corrections

> Measurement of TEECs enables extraction of the running of aS at NLO
for scales up to 4 TeV

> Measurement of b-fragmentation improves understanding of heavy quark
fragmentation
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Backup

> NNLOJET:
> NNLO predictions

» gg—yyatLO

> Uses the NNPDF3.0 NNLO PDF set

> Factorization and normalization scales of myy

> Hybrid photon isolation to remove photon-quark configurations

> Fragmentation component not included since these are not available at NNLO
> DIPHOX

> NLO predictions using CT10 NLO PDFs

> Factorization, normalization, and fragmentation scales of myy

> Includes fragmentation component
> SHERPA

> Includes direct and fragmentation components

[

» gg—yyatLO
» pp—yy + (0,1) jet at NLO, pp—yy + (2,3) jet at LO
> Use NNPDF3.0@NNLO
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Measurement of diphoton production

> NNLOJET and DIPHOX are fixed-order (FO) T | aras s-13Tev, 139 b~ | Datal T
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where significant contributions and their
uncertainties only appear at higher orders
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Backup

Selection

Detector level

Particle level

Photon kinematics

Py > 40 (30) GeV,

In,| < 2.37 excluding 1.37 < |p, | < 1.52

Y

Photon identification tight stable, not from hadron decay
Photon isolation 002 < 0.05 - PT.y EiTSO’O‘2 <0.09- pt,,

Y

Diphoton topology

N, >2, AR,, >0.4

> Background estimation is typically one of the dominant uncertainties

> Statistical uncertainties become important for large pT, myy
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TEECs

> Dominated by JES and modeling
uncertainties

Systematic uncertainty [%]
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B fragmentation

Jets / GeV
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B fragmentation
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B fragmentation

Systematic uncertainty [%
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B fragmentation
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