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Anatomy of a Collision

QCD describes what goes on at high-energy accelerators.
- Interacting protons act as composite objects: partons (quarks and gluons)

g
- Parton Distribution \

Functions (PDFs) model

parton composition and > QAdditi(.ma}l QCD)
momentum distribution. | . radiation
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Anatomy of a Collision

/

| @ b
@adron Dec@ ’ .'.-r

/ — - \; |, |
Hadrons decay in W\t .;” @ 0\ \ ;’,

/

other stable particle
disclosed by the
detector )

Modelling of the \

transition from
partons to

Secondary partons ) o % 04 -2 collimated particle

interacts and fragment z % o B ’ — k systems: JETS J

in other detectable :

hadrons
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QCD and High Energy Accelé \-ators

e Jets are reconstructed from the event and describe the fragmentation of quarks and gluons:
distinctive signature of short-distance interactions between partons

Standard Model Production Cross Section Measurements

Status: July 2018

ATLAS Preliminary

. | Run 1,2 v5 =7,8,13 TeV
10 ‘io
C O
105 L dijetsJ
E 7>%Ge
10* ‘ 020
: a0
103 E N g o

Probing perturbative QCD with Jets!

Theory

LHC pp Vs=7 TeV

BE Data 45-49f0!

LHC pp Vs =8 TeV
A Data 20.2 —20.3fb™!

LHC pp Vs =13 TeV

Latest Run2 results

* QCD measurements represent an
extensive part of the ATLAS
physics program:

soft QCD: all processes with low
momentum transfer

hard QCD: jets physics)

l

/ Comparison with pQCD \
theoretical predictions

Main background for Standard
Model and Beyond Standard

\\Model measurements )
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https://cds.cern.ch/record/2241217/plots
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ATLAS @ LHC

« LHC (Large Hadron Collider) is the
world’s largest accelerator.

27 km ring of superconducting
magnets, 100 m underground
proton-proton collisions
started in 2008, during Run 2
(2015-2018) 13 TeV of center-of-
mass energy
4 big experiments: ATLAS, CMS,
ALICE and LHCb

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

* ATLAS (A Toroidal LHC
ApparatudS) is a general purpose

experiment:
Standard Model and new

physics measurements k
44 m long, with 25 m diameter |
and 7000 tons weight.

“The ATLAS Experiment at the CERN Large Hadron Collider”

Toroid Magnets Solenofd Magnet SCT Tracker Pixel Detector TRT Tracker
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Jets 1n ATLAS

* Charged tracks in the Inner Detector (track jets)
* Clusters of topologically connected calorimeter (both electromagnetic
and hadronic) deposits (topo-clusters)

(Topological Cluster)

Jet 1

Detector
€L
a
3
=
o

# Electromagnetic

Track Hits

105m

MESONS.  =eeeeme
Pions,
Kaons,
etc.

Wl |f Baryons: —
L 1f Protons,
Neutrons,

etc.

Hadrons

<10**m

Gluon Quark

Factorisation

Partons

Proton Proton

Need of a proper way to link jets to partons
to understand their properties

K. Rabbertz ¢

(;Jet Reconstruction Algorithm)
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Jet Reconstruction and éahration

- Jet reconstruction algorithm to cluster objects into a jet
- ATLAS choice 1s anti-kt algorithm: sequential recombination algorithm based on minimum distance

Depends on jet pr and angular distance (1, @)

It must be: ‘, .
Collinear safe, insensitive to splitting of a hard """""" o'
particle ], ¥ "?

Infrared safe, insensitive to the emission of a soft
gluon Collinear Safety Infrared Safety

= Energy of the reconstructed jet is /-\‘

not the energy of partons due to - -
detector effects (Jet Calibr atwn)

* Strategy: combine Monte Carlo studies, information from track jets and in situ measurements

'{ Jet area-based pile- Residual pile-up
. Up correction = correction

EM-scale jets Origin correction

Jet finding applied to Changes the jet direction Applied as a function of Removes residual pile-up

%& topological clusters at to point to the hard-scatter event pite-up pr density dependence, as a
Q)*, the EM scale. vertex. Does not affect E. and jet area. function of u and Npey.
/
Q)Q Absolute MC-based Global sequential Residual in situ
%& calibration calibration calibration
Corrects jet 4-momentum  Reduces flavor dependence A residual calibration
to the particle-level energy  and energy leakage effects is derived using in Situ
scale. Both the energy and using calorimetet, track, and measurements and is
direction are calibrated. muon-segment variables. applied only to data. ATL-PHYS-PUB-2015-036
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Jet Physics @ ATLAS

/k HERA&ATLAS Combination: fit of the gluon PDF)

- Jet cross-section measurements:
Probe proton substructure

Test of Monte Carlo pQCD predictions
Study of the strong coupling constant
Constrain to PDF fits

ATLAS

Q%=1.9 GeV?
— HERA | fit

—— HERA+ATLAS jets R=0.6 fit
----. HERA+ATLAS jets 2.76 TeV R=0.6 fit

UL II I '4.r\ TTT l TTT ll TTTT Il T

Ll I L1l ll L1 ll L1l Il L1l Il

Strong constraint at
high momentum
fraction!

rel. uncert.

-
IIIIIIIIIIIIIIIIIII

https://arxiv.org/pdf/1507.00556.pdf

Present Talk ~ ATLAS Results:

e Inclusive jet cross-section at 8 TeV

e Inclusive jet and dijet cross-section at 13 TeV

e Strong coupling from transverse energy-energy correlation at 8 TeV
e Strong coupling from dijet azimuthal decorrelation at 8 TeV

XXIV International Baldin Seminar on HEP 8 Grazia Cabras


https://arxiv.org/pdf/1507.00556.pdf
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Theoretical Predictions

* Theoretical predictions:
pQCD predictions from NLOJET++ with different sets of PDF's
Non perturbative corrections for hadronisation and underlying events from Pythia8 and Herwig+

+ (spread between them taken as uncertainty)
Electroweak corrections are applied for the effects of y and W+/Z

\ Corrections at 13TeV for inclusive jet jet cross-section )
118 Non Perturbatwe Correctzons 115 EWK Corrections

S 7L {s=13Tev —¥— Pythias AU2CT10 - s - | i

S [ anti-k, R=0.4 —4— Pythias AU2-CTEQ6L1 i 8 . Dltt'maler, Huss, Speckner i

= - |yl<0.5 —4— Pythia8 4C-CTEQS6L1 : - i anti-k, R=0.4 1

= 1 —@— Pythiag A14-NNPDF2.3LO i 2 14- = ¥l <05 |

§ i —— Herwig++ UE-EE-5-CTEQSL1 ] § | — 05<y[<10 i

o) . —=— Herwig++ UE-EE-5-MSTW2008LO - 5 - — 1.0 i lyl<1.5 i

o U= < <.

2 & ] 81.05F _ oo i1-30 -

© s T > | — 25<|y|<3. |

e ‘ittﬂﬁu : 3 l
— 1 = ] )

S [ = |
5 o

Q T - L5 - A

Q [ il ] . -

50.95- ] _ _

Z — - -

e : ;

i ATLAS Slmulatlon i 1 ]

0-9 Lo ] L 0.95 . I . I [ TR S S | . | 5 |
2><1 0 10°  2x10° 10°  2x10 10°  2x10
p. [GeV] p, [GeV]

NNLQO pQCD corrections became available for qualitative comparisons (not all uncertainties
available yet to perform quantitative studies)

JHEP 05 (2018) 195
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https://arxiv.org/abs/1711.02692
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Theoretical Uncértainties'

* Main uncertainties in NLO predictions (common to the three analyses)
PDF: uncertainty propagated for each PDF set (prescription PDF4LHC)
Factorisation and Renormalisation scales: varied up and down of a factor 2 (-0.5<ur r<2)

as, strong coupling constant: comparing two PDF sets that differ in the value of as

( Theoretical Uncertainty at 13TeV )

025 T T T T LI B S | - > % T T T T LU | T
.'E - NLO QCD (CT14 PDF) ' . IS - NLO QCD (CT14 PDF) -
g 0-2:_ W Scale uncertainty = g 0.4 > W Scale uncertainty ]
§ 0.15F I PDF uncertainty 3 g R - PDF uncertainty i
5 - B8 o, uncertainty S 5 [ SR o uncertainty ’
2 o [ ] Total uncertainty 2 0'2-— : Total uncertainty i
© = © L
o 0.05 ©
i - 0
0 SANNNNY —_
N :
~0.05 i%\ \ —0.2[— ~
—0.1F SN _ i
_0.15:_ \lS'=13TeV = _0'4__ \s =13 TeV ;
- anti-k, R =0.4 |y|<0.5 g - anti- |-<t R=0.4 y*<0.5 i
_.0.2 > - > - - L M 3 L 3 1 _0.6 1 1 1 [ 1 1 1 1 1
10 2x10 10 2x10 3x10° 10° 2x10°
p, [GeV] m;; [GeV]

SCALE UNCERTAINTY IS DOMINANT!

JHEP 05 (2018) 195
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Inclusive Cross-section at 8*TeV
- Anti-kt clustering algorithm with R = 0.4 and R = 0.6 (Backup)

- Double differential cross-section measured as a function of jet transverse momentum pr in bins of
rapidity y:
70GeV<pr<25TeVand |y|<3

URF = meaX

d20' o Njets
dprdy  LAprAy

—

)

Inclusive jet cross-section (R = 0.4)

Dominant experimental uncertainty related to jet

;‘ I I 1 I I UL I I
[«}) . .
G 10 ATEAS ) calibration (~ 5%)
a 104 \s=8TeV, 20.2 b )
= Fo+e- anti-k, R= 0.4 Systematics on Cross-Section at 8 TeV (R=O.4D
o ro+es O 6 T T T T T T T T 1 T
- O OO >VU. T T
2 - OH® - n _
o 10° e O e Ol = | — Total systematic uncertainty __ |
< st Tlpte Cotey o | 3Jet energy resolution |
qg 10 .-o-:* ol »o{g,.g.w @04 DJOethenergy scale |
A Ol e O Y7 - Other i
1 S P S ‘O'Stg,.. S + Statistics |
e e e o | |
o ey i e oGl 20.2F -
1072 Ww m’*‘m 0 _w- 00:.. % I ]
L& ) o | —
1072 T M T o T .
* <03 Yy w0 Tm ore O s s dimamanissssasizasisarinemiss: :::::-{:-::::::9'::—
4 0 o - - -
i B e SIS L -t
-5 T ’ ’ e [ IS - -
10 o 15y <2.0(x05100 m @ e N — -0.2|- -
10°E a4 2.0<|y| <2.5 (x1.0 10?) w0 - ATLAS -
107 & 2521y <3.0 (x0.5107) e R T i St= Egevbzélo.z b i
Pyhis=al12CT10 . | antl- = VuU. - |
10% L1 [|\|LO QcDe ':N: |I8. - |MME-|T?O1|4| L ] 04_ |Y| <d.5 |
70 1 02 2%1 02 1 03 %1 03 oo | 1 ! ! oo | L
2 02 3 3
GeV 70 10°  2x1 10° 2x10
Data compared with NLO Pr . [GEV] Pr et [GeV]

prediction with MMHT2014 PDF

JHEP 09 (2017) 020
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Inclusive Cross-section at 8¥T'eV

( Qualitative comparison of data to NLO Calculation)

. Central Reglon ) Forward Region

ATLAS

§ :;: 1y|<0.5 : g:g 1 5<ly|<2.0
E‘ﬁ :Hht“'“ : E‘: 6 L=20.2fb"
E 3 4
Sosk '“”W’mi'ﬂﬂ - §"‘} “Wﬁmmm ” \s=8TeV
—2°F 4 o8 * :
o :: : = gg 3 anti-k, R = 0.4
. 12F 3 - af- 4 NLOQCD
All DY sets behave “IWW - '-%:mwmmmmmu“ oA .
similarly 3 E Y 3 1* ER
- NLO QCD ook, . 1 — L =Pl
prediction 20% ig 1.0<lyl<1.5 | h:' 2.5<lyl<3.0 | ¢4 CT14
above the data both | |2 H ‘ 22— u 7 % HERAPDF2.C
. . 1.5 -
_inlowand highpr_| immuw* — R
08 osf , __3 t MMHT2014
70 10* 2x10° o’ 2x10° 70 107 2x<10° 10°
Py e 1GEV] Py 1GeV]
PDFs :CT14, HERAPDF2.0, ’ * Predictions close to data at low pr
MMHT2014 + At high pr, CT14, NNPDF3.0 and
- Overall: MMHT2014 have predictions

CT14 prediction gives best qualitative agreement, higher than data

HERAPDF2.0 the worst

Sensitivity to constrain PDFs
JHEP 09 (2017) 020
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Inclusive Cross-section at 15 TeV

- Same approach of 8 TeV, except for the selection:
R=0.4
100 GeV<pr<3.5TeVand |y|<3
URTF = pTma*

d20' o Njets
dprdy  LAprAy

( Inclusive jet cross-section (R = 0.4) )

1012

\/éystematics on Cross-Section at 13 TeV (R=0.4D

| I lllllll | I 1

anti-kt R=0.4 TLAS

T T T 1

T T T T L
Total Sys. Uncertainty ATLAS

A
9
10 Vs=13TeV, 81nb"'-3.2b" ® Iyl<05(x10) . = 0.6 I Jet Energy Scale s =13 ToV b !
O 05 =lyl<1.0(x10°) J J , \s=13TeV,81nb"'-3.2
6 et Energy Resolution )
10 B 10:ly1<15(x10%) B Other anti-k, R=0.4
e 0 15 slyl<20(x107) — —+— Stat. Uncertainty lyl <0.5
A

2.0 slyl <25 (x 10™)

l ]
::O ©004 A 25 slyl<3.0(x10"")
e ©00p o
3 " g - o
— n ®
10 - ..--N °
=1

o
n

lll]lll[lllll

Relative uncertainty
o
B

d20/de dy [pb/GeV]
803

III[IlIIllIII[IIIIIlIII

o = -
107 DDDDDDD \ Te - -
10—9 AA“‘A .. o : —02__
A — -~
12 A A A“‘AAA - . -
10 AAAAA Aoy B = 0.4}
A i i e .
1071 Systematic AAAAAA A“““‘A‘ . = l2 l3 3
uncertainties AAAA " — 10 2x10° 10 2x10
_ = GeV]
107 . . 8 = P,
T . !
21 — . . . .
16 > S '3 -  Jet Calibration dominant experimental
10 10 uncertainty (~ 5%)

p_[GeV]
Data compared with NLO T
prediction with CT14 PDF

JHEP 05 (2018) 195
XXIV International Baldin Seminar on HEP 13 Grazia Cabras



https://arxiv.org/abs/1711.02692
https://arxiv.org/pdf/1507.00556.pdf

= U~

Inclusive Cross-sectionﬁat N3 TeV

‘(\Qualitative comparison of data to NLO Calculation

B T ] e rjATAS
o 1212 Fl-i,__ TR—
N Lif—”"'“’"m& st | 50 “"HN'NNMM” e
2 o8 { 208 {is=13TeV
~ o.6F i = 06F E
t : — ] anti-k, A=0.4
1.2_';5 [y|<10 k 16 20 ly|<2.5 : Data
B PDFs :CT14, MMHT2014, NNPDE3.0
. ; IH“HMWH * 1 | 3 “"g““mmﬁ"ﬁwi {noaco ’ ’
' -: E :ak:w@ Kyr
0.8 5 z
- = RUUUITRIN. T * Quverall:
F s <15 i t oo ¥I<30 N ; . . e .o
112; ““MW’WW‘ | 2‘2 {4 cTia No significant deviation of the data
; 1 15 p Mfﬂlb 4 ¥ MMET 2014 points from the predictions
¥ P j 1 PDFe Behaviour compatible with 8 TeV
08:7 PR = 0.5 NEPUEPEPEP. .. ¥ = Vv W
10° 2><1o2 10° 2x1o’ 107 2x10° 10" 2x10°
p. [GeV] pT [GeV] results o
=z 12 vi<os . iz 14 “1seyezo - JATLAS NLO pQCD prediction
o - 1 21 f ’ 4 . . :
‘051-.3 YTrv—— * ! 12 m«m;s;umwmﬁtﬁ .;L=81 o827 overestimate data in forward region
< g:g; ] E o jlemtoTey but not exceeding uncertainty
1.2 3 is |y|<1 0 - e — ey + s - antII;kttB=0.4
1 3 14 ‘ i Data
! Hlmﬂmﬁﬁm mmmmmmtmm {mocco
o8 1 os PDFs :CT14, HERAPDF2.0, ABMP16
H - - 0.6k, —— t-;yﬁ=yF=p:m
1.2_' 1.0< ly|<15 3 - '25< y|<3o i
] {14 CT14
1.9 E 2 .
1““‘“““’%‘%“ | E I }m 1t HERAPDF 2.0
0.9F “ 1 ﬁﬂ““‘\“‘“"“ ‘lth - { ABMP16
08y s g 05 e
107 2><1o2 10 2x10 107 2x10° 10" 2x10°
p. [GeV] p, [GeV] JHEP 05 (2018) 195
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Results at 8 TeV and 13 Te'

@uantitative comparison of data to NLO CalculatiorD

- x? goodness of the fit in each rapidity bin

* p-values observed

8 TeV 13 TeV
Pobs Pobs

Rapidity ranges CT14 MMHT2014 NNPDF3.0 HERAPDF2.0 Rapidity ranges | CT14 MMHT 2014 NNPDF 3.0 HERAPDF2.0 ABMPI16
Anti-k, jets R = 0.4 pr™

ly| < 0.5 44% 28% 25% 16% lyl < 0.5 67% 65% 62% 31% 50%
05<|y <10 43% 29% 18% 18% 05<|y<10 | 58% 6.3% 6.0% 3.0% 2.0%
1.0<|yl <15 44% 47% 46% 69% 1.0<yl <15 | 65% 61% 67% 50% 55%
1.5<|yl <20 3.7% 4.6% 1.7% 7.0% 1.5<|y<20 | 0.7% 0.8% 0.8% 0.1% 0.4%
20< |yl <2.5 92% 89% 89% 35% 20<|y|<25 | 23% 2.3% 2.8% 0.7% 1.5%
25<|y| <3.0 4.5% 6.2% 16% 9.6% 25<yl<3.0 | 62% 1% 69% 25% 55%

- Satisfactory description of the data by the NLO QCD prediction in all the rapidity bins

except for one y-bin
- Fitting in all the rapidity bins together, Pobs << 102: tension between data and theory

Possible explanation: some unknown correlation between systematics or
L incomplete theoretical description

JHEP 09 (2017) 020

JHEP 05 (2018) 195
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Dyet Cross-section at 13 Te

- Anti-kt clustering algorithm with R =0.4

* Dijet Double differential cross-section measured as a function of the — .
invariant mass dijet system mj; in 6 bins of centrality y*: ——————wo17Pp = Y1 — Y2 1: highest pr jet

2: second highest
2 i
300 GeV<pr<9TeVand |y|<3 2o N prjet
_ max jets
UR,F = PT

dm]‘j dy* B EAmjj Ay*

( Dijet cross-section (R = 0.4
N J
12 L] (]
< 10T 7 T 7] ' — T 1T T T Systematlcs on Cross-Section at 13 TeV (R=O.4)
D ul anti-k, R=0.4 ATLAS i
(5 10°E \s=13Tev, s1nb'-32M" o y<ospadh S & 0.6 Total Sys. Uncertainty  ATLAS -
~ . O 05=y*<1.0(x107) ‘© O e Jet Energy Scale i A a4
8 106 — B 10=y'<15(x107) s - Jet Energy Resolution S N 13 TeV, 81nb™-3.21"
ke = = ! anti-k, R=0.4 -
. 1F e 0 15 =y*<20(x10") — § 0.4/ HEEE Other , N Ot5 ' —
> 10 = 2P e A 20=y'<25(x10") > - —«— Stat. Uncertainty y" <0. .
'C?_ 1:: o0 ”oo... A 25y <30(<10") '% 0.2F N
g = o0 oo Soee, = 2 T ]
-3 Coo ®oe, . T N i
% 107E e QOOOOO ...0. - (0] o —
— O — | _
o 6F Ll T “O0g,, ® e = - ]
o Bogg Sny o - -0.2- —
10°E ~FBegy "'-... - : :
10_12:_ ““A‘lit‘tttn:b:t.t‘j. _: —04__ —_
—am A‘A —— 1 L L L PRI | !
o A .
10715 100 systematic A fa,, 3 3x10? 10°  2x10°
A
= uncertainties A A A Aa ] m [GeV]
— A -
1 0_18 il NLOJET++ (CT14 PDF) x A =
o :_ Non-pert. corr. x EW corr. A _:
W0 e, RIS * Jet Calibration dominant experimental
10° 10* uncertainty (~ 5%)
m. [GeV]

Data compared with NLO i
prediction with CT14 PDF

JHEP 05 (2018) 195
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Dyet Cross-section at 13-?‘T '-

/LQualitative comparison of data to NLO Calculation >

'g 1.4 y'<05 $ 14F 15cy°<20 | - E ATLAS
Q 1.2 ,“* Q12 m“““ {L-stnb'-328"
= tonmeendd 1S it j J-etab’-a
9 o.8F ; 208 1is=13TeV
F o.6f o + oo 3 anti-k A=
::‘2‘;05#41'6‘ i‘ :i e | tDk;: . PDFs :CT14, MMHT2014, NNPDE3.0
1 """""m"mmﬂ d{ 1.2 ' ' ‘"“ tm | ’ Inwo aco S - ’ ’ '
0.8} oa ”1 " | ‘ f EL- T
0.6F . ' ‘ 1 Ju=p exp(0.3y")
| aF 105 manra Ciapyan y<30 | hE
! 1 14 CTi4
1.2F IIIIIm, 1.5 ! 1
1 mmm"" f 'M 1 AT ﬂ " 1% MMHT 2014
0.8 8 1 4 NNPDF 3.0 C .
L . g oshe e * Overall: No significant deviation of
3x102 10° 2x10° 104 7x10°10*  2x10” 10° . . .
my (GeV m, [GeV] the data points from the predictions
%1.4—y<05””' K S 4 520 I "';ATLAS
=% w‘*“ 1 ol M
3 o.;_— e 18 0.8 ""“” i " 1is-13Tev
= ot - ] 'Eo.e . . .léani_ _
::: 05<y'<10 o l ': 1:3 Yy ye25 ll " tD‘::—OA
1- mll""mmmﬁ{ﬁfH ‘ 1'21 ’ * “m‘“ ‘ {noaco
0g SURE N Q1L e PDFs :CT14, HERAPDF2.0, ABMP16
o 4 oy o o Ju=pexpi0ay)
) e i (I - >rammsnmasrass IR
. ] 14 CT14
1.2F ' E 1.5 t
] ittt f lfly
os Tlmmmu .iﬁi tlt 1 TR I _; I :;:?::F 2.0
0-65‘ gl — 41‘ 0.5 1 . — A..L,l-:
3x10° 10° 2x10” 10 7x10°10°  2x10° 10°
m, [GeV] m, [GeV] JHEP 05 (2018) 195
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Dyet Cross-section at 13 TN

(\Quantitative comparison of data to NLO CalculatiOID

Pobs
y* ranges CT14 MMHT 2014 NNPDF 3.0 HERAPDF 2.0 ABMPI6
y* < 0.5 79% 59% 50% 71% 71%
05<y*" <10 | 27% 23% 19% 32% 31%
1.0<y* <15 | 66% 55% 48% 66% 69%
I1.5<y*" <20 | 26% 26% 28% 9.9% 25%
20<y" <25 | 41% 34% 29% 3.6% 20%
25<y"<30| 45% 46% 40% 25% 38%
all y* bins 9.4% 6.5% 11% 0.1% 5.1%

- Fair agreement between data and theory in single y* bins and when considering all events
(last row)

JHEP 05 (2018) 195
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as from TEEC at 8 TeV

* Another way to probe pQCD:

Event shape variables — measurements of the geometry of hadronic energy flow.

- Transverse energy-energy correlation (TEEC) and its asymmetry (ATEEC) meaurements:
Event shape variable infrared safe and with small NLO corrections (both perturbative and
EWK).

Transverse energy - weighted distribution of differences in azimuth between jets 1 and j.

_ TEEC distribution example )

= [ R IR MR RALRE RS R T
S 1om ATLAS e Data2012 ¢
ol - . -
= . — Pythia8 .
. W[ \s=8TeV;20.2fb" .
Number of events @ij: azimuthal angle B Herwig++ |
(index A) © anti-k_ jets R = 0.4
. : - 1 : --- Sherpa —
between 1 and = ke E
-, 800 GeV < Hy, <850 Gev .
/ N A A - 3 §
1 d 1 EAFE

l and] run over au the L [:l Data statl. @sy;t. unc'.
jets 1n a g1ven event

o
|
|

CE Tk
LT TV e ..'.’..--Q-~-..~...-"”"'.".’_’f"

-+ -t
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i
]
i

— ——— L.
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]
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.

MC / Data

o
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coS 0

Eur. Phys. J. 77 (2017) 872
XXIV International Baldin Seminar on HEP 19 Grazia Cabras



https://arxiv.org/abs/1707.02562

. Y

as from TEEC at 8 TeV

* Theoretical predictions:
pQCD predictions from NLOJET++ with different sets of PDF's
MMHT2014, CT14, NNPDF3.0 and HERAPDF2.0
Non perturbative correction for hadronisation and underlying events from Pythia8 and
Herwig++
Dominant related systematic uncertainty: urr

( TEEC theoretical uncertainty )

12T
. 800 GeV < H., < 850 GeV 850 GeV < H., < 900 GeV ATLAS
14
O / "1

, . \s=8TeV;20.2 fb

2 \*\*\\\\ 4»\\\\\*\\\\\\ X \\\f\\ \+ \\\+ r, \\v{ * i.
SN AT AR RN ?
= oo { $ NNPDF 3.0 (NNLO)
B s
. 1'1 900 GeV < H;, < 1000 GeV 1000 GeV < Hy, < 1100 GeV —— Exp. uncertainty
S . N\ Non-scale unc.
2 *ms\*\ \*\\ \\+\~+\\+~u\*\\\ \\\\\\\*\\\\\}\\ TPVE -- o s*\ NP N
iy + r ?}} + + \{\T“ T;*;+*TT; ! Theo. uncertainty
© 0.9 i
©
O 08

0.7

1.2F

1100 GeV < H., < 1400 GeV Hy, > 1400 GeV

> 11
o
g 1K ss\\\\ S A I N R B \\\ S Mt W’i\\
I R AR PR R N TN e R
o t
S os

-0.8 -06 -04 -02 O 02 04 06 038 08 06 04 02 0 02 04 06 08

Eur. Phys. J. 77 (2017) 872 cos ¢ cos ¢
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as from TEEC at8 TeV

* Multijet systems: jet multiplicity <Njets>=2,3
pr > 100 GeV and |[y|<2.5

- R=0.4

* Hr2 = P11 + Pr2 (sum of the transverse momentum of the two leading jets)
Hr2> 800 GeV for the two leading jets

e 6 Hr2 bins

STRATEGY
Scale Q = < Hro>/2
Measurement of TEEC (ATEEC)
| TEEC systematic experimental uncertainties ) distribution in different energy
L L L L L L B L B N N . — -
10 ATLAS RN regimes (= Hrz bins)
TEEC \s = 8 TeV —— Modelling
S = — JES ® JER ; indivi
800 GeV < H,, <850 GeV  — Other Fit of individual

distribution

[III|III|III|III|I

N A~ OO O

Systematic uncertainty [%]

Determination of as (myz) in each

energy regime

'4;_ | | | | | | 1 | | _; Renormalisation
1 -08 06 04 -02 0 02 04 06 08 1 Group Equation
Dominant experimental cos 9 ,
: e Test the running of as
systematic uncertainties:
MC model and Jet
Calibration Eur. Phys. J. 77 (2017) 872
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as from TEEC at8 TeV

A TLAS = TEEC 2012 Global fit N World Average 2016
== TEEC 2012 —a— TEEC 2011
\ —— CMSR,, —%¥— CMS 3-jet mass
A == CMS inclusive jets =S= CMS tf cross section
T li -\9 =+ DO angular correlations === DO inclusive jets

-
9

\/
Iz
l”
[~
l”
l”

Iz
IIII/IIlllIII|IIII|IIII|IIIIIIIII|II

D

10?
Q [GeV]

a5(Q?) value (NNPDF 3.0)

- How to extract as? ] 014F
TEEC (and ATEEC) observables are s F
fitted to the NLOJET++ theoretical 0'13;_\\
predictions, in each Hr2 bin, 0.12
singularly 011 -
as (mz) value for each bin -
Each value 1s evolved to the 0'15_
corresponding energy scale using 0.091-
RGE 0.085-

Final value of as (mz) obtained =

merging all the bins together

(NNPDF3.0 has the largest PDF (Q) (GeV)

uncertainty: related determination :g

quoted as result to be conservative) 47
522
604
810

0.0966 = 0.0014 (exp.) *090% (scale) = 0.0009 (PDF) = 0.0001 (NP)

0.0964 + 0.0012 (exp.) *3007; (scale) = 0.0009 (PDF) + 0.0002 (NP)

0.0955 + 0.0011 (exp.) fg:ggfé (scale) + 0.0009 (PDF) = 0.0001 (NP)

0.0936 + 0.0011 (exp.) *2943 (scale) + 0.0010 (PDF) + 0.0001 (NP)

0.0933 + 0.0011 (exp.) *300%9 (scale) + 0.0011 (PDF) + 0.0003 (NP)

0.0907 + 0.0013 (exp.) *3005, (scale) £ 0.0011 (PDF) + 0.0002 (NP)

Eur. Phys. J. 77 (2017) 872

PDF a(my) value

MMHT 2014  0.1151 + 0.0008 (exp.) *39%¢% (scale) + 0.0012 (PDF) + 0.0002 (NP)

CT14 0.1165 + 0.0010 (exp.) *297 (scale) + 0.0016 (PDF) + 0.0003 (NP)

NNPDF 3.0 0.1162 = 0.0011 (exp.) *0997¢ (scale) + 0.0018 (PDF) + 0.0003 (NP)

HERAPDF 2.0  0.1177 + 0.0008 (exp.) *000% (scale) + 0.0005 (PDF) = 0.0002 (NP) *-9%0% (mod)
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as from Dijet Azimuthal Detorrelations at 8 TeV

- Agdgijet: azimuthal separation between the two

leading jets
= 1t for exclusive high-pT final states
<rt due to additional activity in final states
<r and > 21/3 for 3 jets in final states
< 2m/3 for 4 jets in final states

v

Test of pQCD for 3 or 4 jet production:
probing higher order as

Fraction of inclusive jet events with Ap < Apmax:

- d2 iie A iie <A max
(AQDdijet> 275/9 CAqooujet < 27‘5/@ N T dlqjl(; Zlyt* : )
RAqb(HTyy 7A¢max) —

d20gijet(inclusive)

dHrdy*

- Binned in Agmax: 7Tn/8, 5n/6, 3n/4 (three jets, NLO predictions) and 2n/3 (four jets, LLO

predictions)
- Binned in Hr and y* arXiv:1805.04691
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as from Dijet Azimuthal Detorrelations at 8 TeV

* Theoretical predictions:
NLOJET++ for pQCD calculation
ur,F = Hr/2

PDFs: MMHT2014, CT14, NNPDF2.3
* Data described by theoretical description in all kinematic regions
5% for 7n/8 and 5m/6: most stringent tests of theoretical prediction
10-15% for 3m/4: large scale dependence
20% uncertainty dominated by scale variation for 2n/3

arXiv:1805.04691

0.0<y*<0.5 05<y*<1.0 1.0<y*<20
1.5 - ATLAS — MMHT2014 PDFs Theory uncert.

L=0.010-2021f" |  %(mz)=0.118

I~ “~~_ I~ S -
L .I"' o 'i_

- 7n/8 chosen for as determination:

v reliable pQCD prediction

v data points from different y* regions
can be combined

v smallest statistical uncertainties
excluding due to high

-
--------

~ -
----------

) PQCD + non-pert. correct.)

NLO correction

2
S
[
L]
]
[ ]
|1III 1T 1T 171
o |
o
e |
||
O+
IIIIII I]IIIIII [ e Y N R |
[ e |
B ot B B
L J
[ )
- +_._| | l -
oy e ="My  omug =""ov gay ="y

3
S Tttt * 51/6 also a good choice but higher
3 | SR ik statistical uncertainty!
()] 1.5 | __ { —
t . lis : : § }
1 =312+ 8xe _—-}—i—Ll—f— ---------- e - I
: : i 18545 N
0.5 ———t _ R «
0.5 1 2 0.5 1 2 0.5 1 2
Hy [TeV]
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as from Dijet Azimuthal Detorrelations at 8 TeV

arXiv:1805.04691

- y2fit of 7n/8 points in two y* regions
- Nine values of as(Q) in Q-range 262 < Q <1675 GeV
- Combine fit to extract as (mz) (evolving as(Q) using RGE)

( as(Q) measurement )

p

L RA¢p measurement of as (mz) comparedj

— 5 to World Average
%, 011 b ATLAS o ATLAS R
o) N i O 025 ¢ A
01 [ ® o from Ry, > . ATLAS A ATLAS TEEC
- L=0.010-202f""| i O CMS My,
- _ < i * CMS inclusive jets
0.09 f Vs =8 TeV S 0o L A CMSR,,
. = - L | A ® DO R,z
0.08 - S #\ O D@ inclusive jets
- — RGEfor g - ¢ ALEPH event shapes
0.07 o (m,) = 0.1127 8 i & JADE event shapes
- L , 3 0.15 B A ZEUS inclusive jets
N i ¥ H1incl. jets + dijets
N = N
got2 | &} TR pos i 6
50) - - S - 1
0.1 { vg 0.1 B
- — o (m,) =0.1127 i 0.0063
0.08 Lo S(l Zl) ] , = - B3 a(my) =0.1127 Jgon7
' || II | | | 1 1 11 II | | 1 111 II
0.2 0.5 1 2
10 10° 10°
Q=H. /2 [TeV
r/2 [TeV] Q [GeV]
as(myz)  Total  Statistical Experimental Non-perturb. MMHT2014 PDF set g x
uncert. correlated corrections uncertainty variation
6.3 T8 0.3 0.6 2.0 5.2
0.1127 iy 0.5 7 o 0% iy e
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Conclusions

- LHC 1s the 1deal playground for extensive tests of QCD

- Jets are powerful tools for such goal also thanks to the excellent ATLAS
performance 1n jet reconstruction

- ATLAS has wide physics program in the QCD field with jet cross-section,
both inclusive and in association with y and vector bosons

- ATLAS latest results on pQCD shows generally good theory-data agreement

° 1nvestigating some tension between data and theory in inclusive jet cross-
section measurements both at 8 and 13 TeV
- determination of as (mz) from transverse energy-energy correlation in dijet

events and from dijet azimuthal decorrelation compatible with World
Average
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QCD

: : Vertices
* QCD (Quantum ChromoDynamics) is the theory of i g g g
strong interactions: 1
3 color charges (red, blue and green) g J
8 colored of gluons: gluons interact with each g g g
q
others! —

* No free quarks observed:

October 2015
o (0?2 v T decays (N3LO) . .
(Q%) » DIS jets (NLO) At high momentum transfer, quarks
© Heavy Quarkonia (NLO) behave as free particles: asymptotic
031 o ¢'e jets & shapes (res. NNLO) |
e c.w. precision fits (NNLO) freedom
v pp —> jets (NLO)
v pp —> tt (NNLO)
0.2 * Running coupling constant:
Increasing with energy decrease:
perturbative QCD (pQCD)
0.1} : : .
— QCD a(M,) = 0.1181 + 0.0013 decreasing Wli.lh energy Increase:
- - ' phenomenological approach
1 10 100 1000 > , ,
Q [GeV] (perturbative one no longer reliable)
------ —» Hard QCD
asymptotic freedom
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( Calorimeters )

Tile barrel Tile extended barrel

muon :
spectrometer ’- LAr hadironic i
i P

end-cap (HEC) ——22 \,',II////I

LAr electromagnetic ’ N
end-cap (EMEC) —————— ¢

LAr electromagnetic
barrel

hadronic
calorimeter

the dashed tracks
are invisible to
the detector

electromagnetic
calorimeter

solenoid magnet - .
transition X & ATl A
radiation s \ .
tracker . dAll lal" =

p T S rVYRArFRILITAT F SR

tracking : ;
pixel/SCT ) :
detector 1. : ~ | :
TTD.//OY S r=122.5mm
Pixels{

r =88.5mm
r=50.5mm
r=33.25mm

"= omm Inside a 2 T solenoid
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XXIV International Baldin Seminar on HEP



. NS
——— — \ R
s / ‘ \.\‘.

Jet Reconstruction

- Jet reconstruction algorithm to cluster objects into a Ingredients
jet 1 1 R2.
- ATLAS choice 1s anti-k: algorithm: sequential e di;i=min| —, — | - =2
: . : . . J 27 2 R
recombination algorithm based on minimum distance Pti Dt
- Depends on jet pr and angular distance (1, @) g 1
» Procedure: ToibB P2,

Find local cell 1 with Emax ; 2 ;
j 1s the neighboring cell * Rij= (i = ;)" + (0 =)

Find min{d;, dp} o R is the radius parameter
If dij = min, then recluster (range 0.4 - 1)

Othe rwise label 1 as final jet
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Jet Calibration

 Effects to be corrected:
Calorimeter non compensation: partial measurement of the energy deposited
Dead material: energy losses 1n inactive areas of the detector
Leakage: energy of the particles out of the calorimeters
Out of calorimeter radiation: energy deposit of the particles from shower not included in
reconstructed jet
Noise threshold and particle reconstruction efficiency: electronics losses in calorimeter clustering
and jet reconstruction.
Pile up: taking into account energy due to additional pp interactions
Jet origin correction: correct the direction of the jet to originate from primary vertex (no effects on

energy)

I{".——- ; ;
EM-scale jets QOrigin correction ‘ Jet area-based pile Residual pile-up

. Uup correction correction

Jet finding applied to Changes the jet direction Applied as a function of Removes residual pile-up

topological clusters at to point to the hard-scatter event pile-up pr density dependence, as a
the EM scale. vertex. Does not affect E. and jet area. function of u and Npy

Absolute MC-based Global sequential Residual in situ

calibration calibration calibration

Corrects jet 4-momentum  Reduces flavor dependence A residual calibration

to the particle-level energy  and enerqy leakage effects IS derived using in Situ
scale. Both the energy and using calorimetet, track, and measurements and is
direction are calibrated. muon-segment variables. applied only to data.
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Inclusive Cross-section at 8 TeV: R=0.6

Systematics on Cross-Section at 13 TeV (R=0.6
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Inclusive Cross-section at 8 Te : R=0.6

Qualitative - 14E I<0S 3 B 22F 1 sslyj<2.0 ATLAS
comparison of %ﬁ: ‘ ; %:2 H L=20.2fb"
data to NLO o -m 4 043 ‘
Calculation 2 8';:;: "“”"M”M’"ﬂ 12 i W%nmmmnmw{ Is=8TeV
- J '_?Z;?: £ "EIE —= anti-k R = 0.6
14 0.5<]y|<1.0 - |§:— 2.05ly|<2.5 1 M Data
2 :m t 1 E f 4NLoQcD
. ;5:_ E 2K . 'ﬁW"" _i @ ke, @ Pythadl ALZCTID
lmwmmml 1 e W e
0SE = 0‘4_5' ' _ Hp=H= p:m,;
ilg 10<|y|<1 5 2:: 2.5<|y|<3.0 : 4 CT14
2 2f ﬂhl 4 % HERAPDF2.c
11 } I.SE—- 1’ n —:
! h“”” 1E~htvvu--'°m' 11'* 3 4 NNPDF3.0
os o S b 3t MMHT2014
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~
Quantitative Pops
comparison of Rapidity ranges CT14 MMHT2014 NNPDF3.0 HERAPDF2.0
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data to NLO Anti-k, jets R = 0.6
| Caleulation | <05 6.7% 4.9% 4.6% 1.1%
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1.0<yl < 1.5 30% 33% 47% 67%
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Inclusive Cross-section at 8¥T'eV
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NNLO Calculation at 13 Te¥
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as from ATEEC at 8 TeV

. ATEEC systematic experimental uncertainties)

Systematic uncertainty [%]
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