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W The goal is to g6 from proton-proton (or ion) collisions to the
physics of our choosing — whether that be Higgs or Dark
Mattekor rare decays of heavy flavor hadrons.

But we all.need to contend with QCD....
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The QCD @ LHC Lab Tour ltinerary
- Soft.and forward physics

- Partonic structure of the proton

- Multi-scale dynamics of jet-based observables
- Measurements Sensitive to pQCD




Experimental tools for probing QCD

+ Building blocks:

Charged hadrons from tracking detectors

Calorimeters to capture full hadronic interactions

+ Look at event level quantities or build jets:

Made out of tracks, calorimeter deposits or combination
of both

Probe different physics by tweaking algorithmic
parameters: effective radius, treatment of soft radiation

Build sensitive quantities out of jet constituents
+ Correct to particle level quantities by unfolding

- Sometimes use high energy, colorless particles as
probes:

Photons, Ws, Zs




The QCD @ LHC Lab Tour ltinerary

- Soft.and forward physics

Elastic p-p aross—s&tiow @276 § 13 TeV— TOTEM
ArXIV:1812 08610; ArXiV:1812.08283

inclusive single diffractive dissociation — ATLAS
ATLAS-CONF-2019-012

Forward energy vs psewdo rapidity § track
multiplicity— CMS

Ewr. Phgs;}. C 79 (2019) 2391; >
CMS-PAS-FSR-1L-001

l/Lwderng Lng event Ln Z, boson events—ATLAS
arxiv:1905.09752 K %
Partiele productlow VS UE acti\/itg ACICE

Forward jet cross-sections in p-Pb — CMS
JHEP 05 (2019) 043

Dijet production with leading proton — CMS
CMS-PAS-FSR-12-033

3K = result presented here



Forward and Soft QCD

Realm of non-perturbative or semi-perturbative
QCD:

Low momentum transfer processes in a strong(er)
coupling regime

Important for understanding cosmic ray showers,
proton structure, has theoretical connections to string
theory [ref]

What’s interesting?
Testing models of interactions via colorless exchange

Differential distributions of energy and particle
multiplicities for generic pp collisions

Properties of soft radiation accompanying hard | " b aricle Zoo
processes (underlying event)



https://arxiv.org/abs/hep-th/0603115

arXiv:1812.08610
ATLAS-CONFE-2019-012

Forward and Soft QCD: Elastic and Diffractive processes

- ~20% of pp collisions are elastic, ~20% are .
Inelastic but involve the exchange of colorless ° ﬁ " ) o)
P P P

objects: diffractive processes
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https://arxiv.org/abs/1812.08610
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Forward and Soft QCD: Forward Energy Density
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Measurements of forward energy flow relatively
unexplored, particularly in “soft” phase space

Inclusive measurements agree well with models but
discrepancies exist in single diffractive phase space

Data support limiting fragmentation hypothesis:
forward energy flow independent of /s
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ATLAS-CONF-2019-012

ALI-PREL-319229

Hard Process

Forward and Soft QCD: Underlying Event

Underlying event measures hadronic activity not related to
the primary “hard” scattering process: rovars-Sis"

Important for measurements sensitive to generic hadronic
activity: W mass, rapidity gap based selections, etc.

P A A I
e, ALICE Preliminary .
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Hard Process

Forward and Soft QCD: Underlying Event

- Underlying event measures hadronic activity not related to
the primary “hard” scattering process:

Important for measurements sensitive to generic hadronic
activity: W mass, rapidity gap based selections, etc.
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The QCD @ LHC Lab Tour ltinerary

- Partonic structure of the proton

Wt+charm @ & TeV — CMS—
CMS-PAS-SMP-18-012K

Wtcharm @ & TeV —ATLAS —
ATL-PUB-2019-016

Wt+echarmw @ 12 TeV — CMS—

Bur. Phys. ). C 79 (2019) 269 3k

WEZ production @ 2. F76TeV —ATLAS
ArXLV:190F.0356F

Forward top quark production — LHCH —
). Hhgh Bnerg. Phys. (2018) 20182: 174

Double parton scattering (PPS) tn ZZ —ATLAS—
Phys. Lett. 790 (2019) 595

Evidence for PPS in WW — CMS —
CMS-PAS-SMP-18-015

3k = result presented here
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Partonic Structure of the Proton

+  Experimental probes of the dynamics of
protons:

See into the proton using probes which are
unique to the partonic structure

- What’s interesting?

Uncertainty in parton distribution functions
critical in theory comparison for many cross-
section measurements

Flavorful content of proton becoming important
at LHC energies

Multiple simultaneous parton interactions can
be perturbative at LHC energies, allowing for
precise comparisons with data

DESY

12


http://www.desy.de/news/news_search/index_eng.html?openDirectAnchor=829

Partonic Structure of the Proton: Strange quark content

ATL-PUB-2019-016

W+c production sensitive to strange quark

s, d
<

content in proton:
Tag with leptonic Ws and D* mesons

Can be used to constrain strange quark
parton distribution functions

Previous ATLAS measurements @ 7 TeV
showed tension with global PDF fits on
strange quark suppression

Global fits include neutrino charm production
data — neutrino-iron DIS and inclusive charm
production measurements

2019 ATLAS update with inclusive W data at 8
TeV maintains tension
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https://arxiv.org/abs/1612.03016
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-016/

Partonic Structure of the Proton: Strange quark content

CMS-PAS-SMP-18-013

Fur. Phys. J. C 79 (2019) 269

- 8 TeV CMS measurements:

+  Cross-section agrees with global
PDFs, although high

- Ratio of W+/W- disagrees with
global PDFs

- 13 TeV CMS measurements:

- Good agreement with PDFs except

ATLAS-derived one

- Note: parameterization uncertainty
for ATLAS PDF not used in the
comparison, recent paper shows

CMS and ATLAS data not in
tension”

“Phys. Rev. D 98, 014027 (2018)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-18-013/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-17-014/index.html

The QCD @ LHC Lab Tour ltinerary

- Multi-scale dynamics Iin jet-based observables

3k = result presented here

Bventshapes —CMS
jHEP 12 (2018) 117 K

_Jet Fragmentation n Z Bvents — LHCD

arXiv:1904.02878 3

Jet Fragmentation, Ruark Gluow Properties— ATLAS

aArXiv:1906.09254 3K

Gluow splitting to b-quarks — ATLAS

Phys. Rev. B 99 (2019) 052004 sk

Charm-qua rhjet propertles — ALICE
ArXivi1905.02510

Azimuthal separation of 253-|et events —CMS
arxXiv:1902.04z274 sk

RT splitting scales — ALICE—
ALI-PREL-310018-43 2K

Measurement of Lund Plane—ATLAS
ATLAS-CONF-2019-035

Act production — ALICE

JHEPO4 (2012)108

Ks § Ao production in t-thar — ATLAS
ArXLV:190F 10862
et cross-sections versus anti-RT jet size — CMS
CMS-PAS-SMP-19-00= ;

ALICE — ALI-PREL-315682-725
Substructure '(:or Di:j et, W and Topjets — ATLAS
ArXiv:1903.02942
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Multi-scale dynamics in jet-based observables

Exploring the evolution of high energy quarks and
gluons into hadrons

Multi-scale problem which straddles perturbative and Z _ 7

non-perturbative effects == ’_
Good understanding necessary for precise control SUye ___—_—-—i@- s
over observables in many physics analyses . \;
What’s Interesting”? | 4
Testing showering and hadronization models against ' “ <

event shape and individual jet observables

Measuring how these variables evolve In a wide .
range of phase-space and with different jet flavors fig ref

Probing the structure of hadronic resonances

16


http://alicematters.web.cern.ch/?q=content/node/1025

JHEP 12 (2018) 117

[ransverse Total
Jet Mass

Multiscale Dynamics: Event Shapes

22fb1(13 TeV)

CMS analysis uses event shape
variables calculated using 3-jet events
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-17-003/index.html

arXiv:1904.08878

Multiscale Dynamics: Jet Constituent Characteristics

LHCb analysis uses charged hadron
properties of jets in Z+]et events in the
forward region:

Zly  F RIS
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o ﬁjet ' ﬁhadron - :i:_*_ +++—‘_-;_=‘=_:T‘:x:T
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o
| %
107" ' | - if
is i i 107 10~
Sample is light quark dominated — .

useful for g/g discrimination studies
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arXiv:1904.08878

Multiscale Dynamics: Jet Constituent Characteristics

LHCDb analysis uses charged hadron
properties of jets in Z+]et events in the
forward region:
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http://arxiv.org/abs/1904.08878

Multiscale Dynamics: Jet Constituent Characteristics

arXiv:1906.09254

By exploiting the fact that forward jets tend to
be quark dominated, can extract in situ quark
& gluon distributions

Utilize ML technique, topic modeling, to extract
distributions without dependence on MC models

Jet Topics Mixed Jet Sample N

l Mixed Jet Sample |
o000 —
Quark Jet 0000
3 0000 3
| eooc o0
' 0000
Jet Fractions Mixed Data Histogram

Gluon Jet

Phys. Rev. Lett. 120, 241602 (2018)

Paper has detailed comparisons of jet
fragmentation quantities in forward and central
regions, compares g/g distributions extracted
with MC fractions to NSLO predictions
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https://arxiv.org/abs/1802.00008
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-16/

arXiv:1906.09254

Multiscale Dynamics: Jet Constituent Characteristics

By exploiting the fact that forward jets tend to SO e T T T
be quark dominated, can extract in situ quark C [ s-13Tev. 331" :

. : : = - -
& gluon distributions T 0.4]-900<Jetp, / GeV <1000 -

® Topic 1 Data

Utilize ML technique, topic modeling, to extract < 0 & Topic2Data :
distributions without dependence on MC models — 0.91 e a1
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Phys. Rev. Lett. 120, 241602 (2018)
Paper has detailed comparisons of jet
fragmentation quantities in forward and central
regions, compares g/g distributions extracted
with MC fractions to NSLO predictions
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https://arxiv.org/abs/1802.00008
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-16/

Phys. Rev. D 99 (2019) 052004

Multiscale Dynamics: Gluon splitting

- Select sample rich in g>bb by large radius
jet with 2 small radius sub-jets, at least 1

———
- ATLAS -
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Data shows significant deviation from models 0.8 1
in angle related to gluon polarization (largely AB ) b/ T

unconstrained from prior data)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.052004

arXiv:1902.04374

Multiscale Dynamics: Resummation Effects

359 b (13 TeV)

S 0.18F CMS
- Accurately modeling parton ng_m_ i 04 _
showers requires resummation of T | PvTHnG CUETPMT (dotiedines) 1
soft gluon emission T e < csocay
Need measurements sensitive to 0'12_ 005 <1000 Geu el 2
these effects al ot
- For 2 & 3-jet events, look at A of 0'08_ =e==as
2 leading jets in back-to-back o N
topology 0.04L g B E |
Cross-section dominated by soft T e e ea]
gluon emission in this phasespace R o e

Models deviate for Ap = 177°

Different combinations of Npartons &
parton showers describe data best
IN various jet pr ranges



http://arxiv.org/abs/1902.04374

anti—k; R=0.4 — PH-2J + PYTHIAS
Inclusive 2-jet — PH-3J + PYTHIAS
CMS Total exp. unc. PH-2J + Herwig++

35.9 fb™' (13 TeV)

Multiscale Dynamics: Resummation

- Accurately modeling parton 13} 200<p[™ <300 Gev | A s00<p <400 Gev B
: : | S — I s R | S St e e
showers requires resummation of | S  sS R [ S SR e
soft gluon emission g S0y <0V H0mp <o0eey -
o9, 0 V0V 409t , , oo
Need measurements sensitive to 12} 600 < p™ < 700 GeV { "2l 700 <p™ <800 GV
these effects N et e ==

1 121 1000 < p™ < 1200 GeV

< 3
..:':'?l—-'il-_!?L—-'___ : !--:—»:_%F—; 1P-'\=I==|-_. i ; e H_J-:"_I_i-j

] ] ] ] ] ] ] ] 0 9

-

+ For 2 & 3-jet events, look at Ap of

O
©

Prediction/Data (normalised 2-jet cross section)

2 Ieading jetS IN back-to-back 12F | 170171172 173 174175 176 177 178 179 180
11 P; > 1200 GeV A, [deg]
topology p——— e
. . 170 171 172173 174 175 176 177 178 179 180
Cross-section dominated by soft A9, de]
gluon emission in this phasespace R e

Models deviate for Ap = 177°

Different combinations of Npartons &
parton showers describe data best
IN various jet pr ranges
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ALI-PREL-310018-43

Multiscale Dynamics: Shower Evolution

Soft-drop method removes soft

radiation not fulfilling minimum pr n ) - Z
. min pT 1 7pT2 'ZZIZIZIZZIZ%
Za — s |
requirement (zg) [ref,ref] g p—— 1.5
Relates to parton splitting function
fig
Sources of R-dependence of z. & "°FALIGE Prolminary, pp f5- 13 TV, Lyy = 115007 & ||| AUGE Prominary.pp fo- 13 Tov, Ly -1151" 455"
. < . I Anti-k,, 30 GeV/c < p* < 40 GeVi/c 1 S, Antikn R=02 ]
Perturbat|ve: 6 t -~ In(R © 10 T T — -0,610_— rack > 0.15 GeV/e, E™**" > 0.3 GeV ~
p ( ) 3-9 N p'T(aCk>O.15 GeV/e, E° > 0.3 GeV i 3— i lﬁ;.,acq(o]’ euser < 0.7, | < 0.7 - R
: : _ - - |ntack| < 0.7, st < 0.7, |17 < 0.7 - R | ™ gl SoftDrop: z,, = 0.1, =0 _
Hadronization: &pt ~ -1/R O SoftDrop: 2., =04, 520 PR-02 - 8T T sasesn, <sasiic
. 6l +R=03 - 6l L 60GeVic<p  <80GeVic
ALICE measures cross-section as : iﬁ’=0-4 : : ] 160GeVic<p,, < 180 GeVic
: (y g - R=05 - i | -
a function of kr splitting scale for ys  evTHAPegazol 4 - PYTHIA Perugia 2011 —
different cone sizes & pr to probe o . of -
these etfects M 30 GeV<preid0 Gev [
: y g = 13k 4 =7
© more asymmetric splitting for larger 3 12 E =R
8 UE 4 m 1.1
R at low pr 09 i i + E Y
. ; : 0.8
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https://arxiv.org/abs/1307.0007
https://arxiv.org/abs/1402.2657
http://alice-figure.web.cern.ch/preliminary_fig_pub

Multiscale Dynamics: Lund Plane

ATLAS-CONE-2019-035

New proposal to represent ;=
internal structure of jets*: =
(b) =
Lund Plane: In(1/z) vs In(1/6) s @
L . ) 2
Recluster jet using Cambridge/ 2

Aachen alg, plot history
ATLAS Preliminary Vs =13 TeV, 139 fb™

Utilize tracks associated to anti- -~ | X
KT (R = 0.4) jets, recluster with & &
C/A, plot history :
Powerful test of MCs against = °
shower and hadronization i
history I
Can distinguish perturbative and 1015_
non-perturbative effects in same
measurement ]
Can be used in ML-based jet B ey YRRy
discriminants n(A/AR)

|I[||I| I | IIIIIII

* J. High Energ. Phys. (2018) 2018 100 R AR Sission, core)

IN(1/2)

Regions of the
UE/MPI Lund jet plane

P(N — dZ dAR

IN(R/AR)
" L I s S S S S S S S B S S LI R R B -
= 025 aA1LAS Preliminary @ bata E
£ — — -1 [ ythia 8. T
° 0'185 (s=13TeV, 139 b [0  Powheg + Pythia 8.230 -
o 0.16 0.67 <In(R/AR) <1.00 A Sherpa2.2.5 (Cluster Had.) —]
20 14:_ \/  Sherpa 2.2.5 (String Had.) =
z"E’ E 4+  Herwig 7.1.3 (Dipole Shower) -
S 0.12 $3  Herwig 7.1.3 (Angular Shower)  —
Z-§ 0.1;— —;
= 0.08 —
0.06— —
0.04F o seeis, E
- . . E
0.0231....|.. | | | |-.—:
© ' ———+—T1T+t—+—+—+"T1"1 ——T——t—t—t—T++—+1T1+
S 1.4 | | [ [ [ [ ]
Qo 1.2__ m R g g —
@) A
I AR T T 1 TN
: 0.8_ﬁ ? ? ? é 4 ' —
0.6 |+, | I B L. T
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|
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https://arxiv.org/abs/1807.04758
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-035/

The QCD @ LHC Lab Tour ltinerary

- Measurements Sensitive to pQCD

nclusive photon production — ATLAS
ATL-PHYS-STPM-2017-29 o

Differential (solated photon production @ & TEV—CMS
ArXiV:190F.08155

WEZ, cross-sections — CMS sk
CMS-PAS-SMP-17-010

Z+ hea\% flavor — CMS
CMS-PAS-SMP-19-004

Inclusive Z cross-sections — ATULAS
ArXLV:190F.06F28

Photow cross-sectlon ratlos at £/1=2 TeV —ATLAS
JHEP 04 (2019) 093

3Kk = result presented heve
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Measurements Sensitive to pQCD

Comparison of QCD phenomena with precise theoretical calculations
Choose hard, colorless probe and measure cross-sections and properties

Many searches for new physics (e.g. deviations in Higgs pt measurements) rely
on precise theoretical pQCD calculations

What's interesting:
Testing state of the art (NLO, NNLO) calculations against data

Tests of resummation in parton showers at NNLL
NNLO

P B o 3
}>W b % I


http://inspirehep.net/record/1208578?ln=en

Measurements Sensitive to pQCD

ATL-PHYS-STDM-201/7-29

- ATLAS measurement of inclusive photon production up to Evr ~1 TeV with <
10% experimental & theoretical uncertainties

- Excellent NLO & NNLO agreement with data; NNLO uncertainties

comparable to data uncertainties
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-29/

Measurements Sensitive to pQCD

CMS-PAS-SMP-17-010

- CMS measured W&Z production cross-sections as a function of pt & V.
Compare to resumed NNLL at low pt and NLO, NNLO at high pr

Important for W mass measurements

T

do/dp’' [pb/GeV]
N

e =
o O

- = N DN OO
O o o1 o o1 O

CMS Preliminary
| Fyr rrrri

35.9fo" (13 TeV)
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IIIII|

o
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LN bl L I
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—~— MINLO -
—=— aMC@NLO -
—— POWHEG :

m|<2.4, pT>25 GeV

Geneva/Data Resbos/Data  aMC@NLO/Data

C Preliminary 35.9fo" (13 TeV)
_IIIIII|dI IIIIIIII I T T [ IIIIIII|_
. Lo n|<2.4, p_>25 GeV

1.2 dp'TI T

0.8 F

e N RN RN

e Y- + ?{r A

1

10

10°

- 10°
p!' [GeV]

aMC@NLO

(NLO+FxFX)

S —

—

Resbos
(NLO+NNLL)

S —

—

(Geneva

(NNLO +NNLL)

S —

—

27


https://cds.cern.ch/record/2675022

Conclusions

- The LHC is a rich QCD laboratory probing physics T L=

oo

at a huge range of energy scales

+ EXperimental measurements are increasing in
precision and informing models of non-perturbative
physics as well as providing stringent tests of
detailed perturbative calculations

/:/ Data recorded: 2016-May-11 21:40:47.974592 GMT
= | Run/Event/LS: 273158 /238962455 /150

- LHC future is trending towards indirect searches —
precise QCD predictions will be critical. Effort
needed now to improve our predictions.

- Stay tuned for more Run 2 results!
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Jet Energy Scale: ATLAS

3 01 1 I T T T T T I I 1 I T T T T
s - Data 2015-2017, Vs = 13 TeV ATLAS Preliminary -
a " anti-k, R = 0.4, EM+JES )
@ _
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0.05— Large-R jet My | < 0.8
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Total uncertainty
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2018-006/
http://arxiv.org/abs/1310.8197

Jet Energy Scale: CMS

JEC uncertainty (%)
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http://cds.cern.ch/record/2622157?ln=en
http://arxiv.org/abs/1310.8197

Forward and Soft QCD: Forward Energy Density

CMS-PAS-FSQ-18-001

arXiv:1812.04095

- When normalizing to the energy flowing events with < 10 central tracks (first
bin uncertainties decrease significantly and discrepancies arise

MC/data

6.6 <M <-5.2 0.22 nb™ (13 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FSQ-18-001/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/FSQ-15-006/index.html

Forward and Soft QCD: Diffractive processes

ATLAS-CONF-2019-012

ATLAS single diffractive measurement t-dependence well

described by exponential

Slope parameter of B = 7.60+0.32 GeV-2

Fractional proton dissociation well described by triple pomeron

Reaqge trajectory with slope a(0) = 1.07+0.09
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-012/

Forward and Soft QCD: Underlying Event

Ninclusive

R P
+ ALICE: Measure " = < Niausive >

transverse region defined by highest pr

track in event [ref]

High Ry corresponds to high UE activity
Track spectrum harder in higher UE

activity events
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http://inspirehep.net/record/1429670?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-012/

Partonic Structure of the Proton: Double Parton Scattering ~ .0 oiio:

-+ Double Parton Scattering: two pairs of partons
from one single pp collision interact

.;
9AB — 9
Oeff
- DPS measurements test universality of Oesf
| | | | | | 4’
- ATLAS: measure lower limit on Oef (= 1mb) in ZZ
events, consistent with DPS interpretation = o
g AFS (y/s =63 GeV, 4 jets, 1986) O
. . . UA2 (/5 = 630 GeV, 4 jets, 1991) ———b
-+ CMS: Evidence for DPS in same sign WW R Bl Vit g
. —— DO (1/s =1.96 TeV, v+ 3 jets, 2010) o |
N 5 — 7 TeV. . b
production (3.90) at 13 TeV 3 |oen T e
c LHCb (/s =7 TeV, J/4DT, 2012) —t—
Y— LHCb (y/s =7 TeV, J/4D°, 2012) 3
s> | ATLAS (V5 =7 ToV, W+ 2 jets, 2013) PR
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5 DO (/s =1.96 TeV, v+ b/c + 2 jets, 2014) —i—1
— DO (/s =1.96 TeV, v+ 3 jets, 2014) P
O |DO (V5=1.96TeV, J/i+ I/, 2014) ——
~ ATLAS (/s =8 TeV, Z + J /1, 2015) STPPPPPPPPPPPE >
, T | LHCb (5 = 7&8 Tev, T(1S)D T, 2015) e
F&CtOl”lZGd Cé) DO Eﬁ = 1.96 TeV, J/1p + Y, 2016) | v
. DO (y/s=1.96 TeV, 2y+ 2 jets, 2016 I NS
WEW= Pythia 8 (N)NLO Measured R TeV,Zl/jet;, e —bac—i
ATLAS (/5 = 8 TV, J/1 + J /4, 2017 HeH
o(pb) 1.92 0.87 1.41 + 0.28(stat.) 4+ 0.28(sys.) S |oMs (s=s8 Tev, T+ 1, 2017) —
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http://moriond.in2p3.fr/QCD/2019/ThursdayMorning/Klundert.pdf
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-18-015/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-15/

Hadronization and Fragmentation: jet flavor

arXiv:1905.02510

+ Select sample rich in c-
quarks by tagging track
jets with D mesons
(ALICE)

- Study cross-sections for

LA

o -] -
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https://arxiv.org/abs/1905.02510

Q/G Jet Extraction

arXiv:1906.09254

-+ Topics converge to quark/gluon
definitions in the case that there
are some bins in the dataset
which are purely quark or purely
gluon

Basically true for quarks, not
quite true for gluons, but
converges at high pT

Only true for Nch

~ 40—

< nch

-
- (minj{hf /hC.-}) x h¢
h.! = :
| | — min;h! /S
T he — (minj{h;./hf}) X h{
T | — min; h< /K
|
-

- Extraction relying on MC
fractions shows good agreement
with N3LO at low pT, diverges at
high pT

Used for Nch & fragmentation
variables

h = fihd +(1- f))hf,
(1= f)hE,

- /i
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-16/

ATLAS & CMS PDF Compatability Phys. Rev. D 98, 014027 (2018)

+ Using ATLAS &

. . 06: 0.7:_ Q> - 1:9 GeV2 NO": 0-7:_ Q2 - 1:9 GeV2 ATLAS and CMS W and all Z bins CMS W and
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atasets 0.3 ATLAS W - 9/11 15/11
have gOOd chi? 02k ATLAS central CC Z 15/12 26/12
: ATLAS central CF Z 7/9 8/9
W. r_'t_ f|'tS : °'15_ ATLAS CC Z, 116 < M, < 150 GeV 8/6 716
OF i i i ON OF o e ATLAS CF Z, 116 < M, < 150 GeV 4/6 4/6
107 107 10° 107 107 10° 10° 10° ATLAS CC Z, 46 < M, < 66 GeV 28/6 34/6
- ATLAS data ‘ ‘ o W
CMS 7 TeV W-asym. 14/11 14/11 18/11
§ [ =106V T 3 @P=196eV CMS 8 TeV W+, W - 522 7/22 5/22
more § TE 2 tmarnesK b7 EmaresKo CMS 7 TeV Z central 12/24 13/24 16/24
- f 0.6 H ATLAS B 250 HtATLAS CMS 7TeV Z, 120 < M, < 200 GeV 31/24 28/24 25/25
COnStralnlng Or B H o CMS 7TeV Z, 200 < M, < 1500 GeV 20/12 19/12 17/12
S'q Uark CO ntent N T F CMS 7TeV Z, 30 < M, < 45 GeV 35/24 35/24 36/24
1.51- CMS 7TeV Z,45 < M, < 60 GeV 22/24 20/24 20/24
C M S dat I —— CMS 8 TeV Z central 74124 66/24
[ 1=
dla \\\\\\\\“\\\\\\\\\\\\\\ \ CMS 8 TeV Z, 120 < M, < 200 GeV 73/24 56/24
refe rs SI | htl M X HRRS CMS 8 TeV Z, 200 < M, < 1500 GeV 14/12 12/12
p g y - CMS 8TeV Z, 30 < M, < 45 GeV 38/24 37124
higher anti_u/d Uy . Ll ul CMS 8TeV Z,45 < M, < 60 GeV 29/24 20/24
10 107 107 10

CO ntrl bUthnS Table 4: Total and partial x? for data sets entering the extended PDF fits of the ATLAS and
CMS data to include off-peak Drell-Yan data. Full details are given in the text
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Multi-scale: Jet production CMS-PAS-SMP-19-003

- CMS measures jet cross-sections as a function of anti-KT jet clustering parameter, R, w.r.t. R= 0.4 default

Experimental jet corrections extrapolated from R = 0.4

- Compare to MC generators and QCD calculations at different orders

Need both higher fixed order and non-perturbative effects to describe data

CMS Preliminary <35.9f" (13 TeV)
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Multi-scale: Jet production CMS-PAS-SMP-19-003

- CMS measures jet cross-sections as a function of anti-KT jet clustering parameter, R, w.r.t. R= 0.4 default

Experimental jet corrections extrapolated from R = 0.4

- Compare to MC generators and QCD calculations at different orders

Need both higher fixed order and non-perturbative effects to describe data

CMS Preliminary <35.9fb" (13 TeV)
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Multi-scale: Jet production arXiv:1903.02

ATLAS selects hadronic top, W and dijet events and compares jet
substructure variables for data and standard generators

» [ |
2 L ATLAS _
-] LATLAS
< < Anti-k, R=1.0 jets
© 05 &\\\\\ Soft Drop 3 = 0, z = 0.1
- > N W selection
04— /// 7% Top selection
i /% |4/ Dijet selection ]
~ N\ ]
0.3: %////% :
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| % —
01 Wnnnwnnnm ” _
B Z 5 _
o eeD 0N N I Wi N L, L O W
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Nsubjets Selection
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Multi-scale: Jet production arXiv:1903.02

- ATLAS selects hadronic top, W and dijet events and compares |et
substructure variables for data and standard generators
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